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CHAPTER VI

MAGNETIC VARIATIONS AND THE AURORA BOREALIS.

Section 1. The Solar-Diurmal Yariations.

The solar-diurnal variations, which we shall denote by the letter S, consist of
periodic variations of the elements of terrestrial magnetism with a period equal to
the lengch of the solar day.

' A characteristic feature of these variations is theiroccurrence according to
local time., For this reason, at two different longitudes, the phases of the fluctu-

ations of one element or another will differ by the difference in longitudes between

the two points. Thus, if we represent the deviation from its mean value, i.e. the
variation, of any element at a given point of the earth's surface in the form of a
simple harmonic oscillation:

2=f
S=S°sinT.

" where So is the amplitude, T are the solar days and ¢t the local time, then the vari-'

. ation at ancther point whose longitude differs by ) , is represented by the equa—

S =SpsinFeap .

Fig. 68 represents the mean anmal diurnal march of the declination, the hori- l
and-vertical-components, i.e. the relation of the variations of-these ele— —
:Lunw—m -loocal-time-during a 24 hour period, according to the observations of -

«;
i
|
5
A
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the Pavlovsk magnetic observatory. ‘

The mean anmual values of the variations of the various elements respectively - !
are plotted along the axis of ordinates and the local time along the axis of ab-
scissas.

On considering the curve for the variations of the declination, it will be seen::
that the magnetic needle which remains quiet at night (curve B D), is deflected in
the morning towards the east, and by 0800 hours reaches the maximum deflection, af- !
ter which it vegins to move in the opposite sense, and by 1400 hours it reaches its
maximum deviation towards the west. The remaining curves show that the horizontal
component (the curve § H) has a minimum at about 1100 hours and a maxinum about 2000
hours, while the vertical component , which remains almost unchanged during the night;
begins in the morning to increase, and after noon reaches its maximum value. As
shown by observations, the diurnal march of the elements of terrestrial magnetism
does not remain constant but varies jrregularly from one day to another; in this
case the amplitude of fluctuations are mainly subject to change, while the phases

themselves remain almost unchanged.
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Fig.68. Dinrna.l Harch of the Elmonts of Terrestrial Magnetism at the

l Pavlovsk Hagnctic Observatorye.
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Table 18 gives the values of the differences between the maximum and minimim ‘;
- ;
values of each element at different seasons at Pavlovske.

1
Table 18 ;

Difference between the waximum and minigum

D H 'z

71
12
20
12

The Table shows that the variations in the diurnal march increase from the win-
ter months, when the declination of the Sun is smallest (to the summer months, when
the declination of the Sun is greatest ( * 23,50).

The next feature of the solar-diurnal variations is At‘.heiz‘ dependence on the
value of the magnetic activity on one day or another. For this reason two forms of
solar diurnal variations are distinguished: The variations on quiet days when which
are obtained by working up the observations only for quiet days only, and variations
in stormy days, which are called disturbed variations and are obtained by working up
the observations on stormy days. The former are denoted by 84, the latter by 3q-

Variations on stormy days differ markedly from the variations on quiet days.

This difference particularly effects the march of the variations of the vertical

component,, where not only the amplitude but the whole character of the curve changes,

In addition, the amplitudes of the quiet diurnal variations Sq vary during the

- i“tmurf!e of the year, taking their maximum value during the summer solstice and their ;

T

Fiminimm values during the winter solstice. During the epoch of the equinoxes, the

|
4 lamplitude is the mean petween the winter and summer and is the same in both heml- i

—{spheres.

Y 0 M
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Fig.69,a. Diurnal March of the Elements X, Y and Z on Quiet Days During

the Period of the Summer Solstice at Various Latitudes.

Moreover, observations show that the solar diurnal variation at various points :
~of the earth's surface is of different character. For points located on one end thei
ssame parallel, however, the diurnal march is almost the same, but for points loca.tedi
2 ijalong a meridian, it varies according to a certain definite law. Fig.69 represents ‘
7. !the curves of the diurnal march on quiet days at different latitudes for the three
'r'”_“m;,_;snd 2 during the period of the summer solstice. in the northern hemi- |

56 ‘ 18.69,8), for the winter solstice (Fig.69,b), and for the epoch of the equil

A

Sanitized Cop roved for Release 2010/08/1 |A-RDP81-01043R000700150004-0




S LA 3T

Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

nox (Pig.69,c), both spring and autiumn, These curves show that the variations of |
the northern component dx have approximately the same character in northern and
lsouthem latitudes, since for the individual elements in the southern latitudes,
they are inverted on passage across the magnetic equator, i.e. they are mirror pic-

tures of the variations in the northern latitudes.
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Fig.69,b. Diurnal March of the Elements X, Yand Z on Quiet Days During

,v the Periods of the Winter Solstice at Various Latitudes.

o ’On the equator itself, the variations on the eastern and vertical components are ;

] .ﬂlclcsa_to,um...k For. the northern component, such a revorsibility..nt,xhucunu.ukosi

*:fﬂiplaca,u_-agnuue latitude of about 30° in both southern and northern hemispheres. -
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The variation of the amplitudes during the course of the year will be clearly

¢

Fig.70 gives analogous curves of the diurmal march of the variations on stormy

i

i

'seen by comparing Figures 69,a, 69,b, and 69,c. ;
[ i
i

{

-

days Sy for various latitudes. The ordinstes of these curves represent the differ—
‘ence between the variations on stormy days and variations on quiet days (Sd - sq)' ;
'These curves show that in the low latitudes the differences Sy - Sq are small and, ‘

.consequently the Sq variations predominate in them, while in the high latitudes, on
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Fig.69,c. Diurnal March of the Elements X, Y and Z on Quiet Days in the

Periods of the Equinoxes at Various Latitudes.

i ’\:«’;tho__contrnry, the variations 8 = Sq - Sq. play a predominant part.

gt e

6
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The most striking idea of the march of the diurnal variations given by the cérnr-wi

struction of the so-called vector diagrams which represent the projection of the
vector variations Sq on the horizontal and vertical planes.

Such a diagram of the projections of Sq of the horizontal plane is shown in

Fig.71 in the period of the equinox for a portion of the earth's surface turned
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Fig.70. Diurnal March of Variations on Stormy Days at Various Iatitudes.

i
t
|
1
B
i

|

oved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0




Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

towards the sun and bounded by the geographical Jatitudes from + 60 to - 60° and the ;
Jongitudes from 6 to 18 hours. In this case the longitudes coincide with the local i
" time from 6 to 18 hours. 11
The following may be noted from this diagram: the vector Sq in the northern 'g
hemisphere during the daylight hours is always directed towards a certain center lo-i
cated on the forenoon meridian at the parallel + 30°, while in the southern hemi~

sphere it is directed from a center located on the same meridian and the parallel

-30°.

e

!
!
|
|

3

!
.

|

. ‘.__._4__... - —

,"f”:; Fig.Tl. Projection of the Vector of Variations Sq on the Horizontal Plane.

i
ca |
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Fig.72,a and 72,b show the diagrams df projections of the vector Sq on the ver—|

‘tical planes: one of them on the plane oﬁ the principal meridian, and the other om

o
‘the plane of a great circle meldng contact with the 30th parallel at the meridian

7%point.. Both diagrams show that the centefs towards which the sq vectors are directed

.
_‘lie above the earth's surface roughly above the parallels * 30 and - 30 near the

'jprincipa.l meridian.

Formally, these centers may be identified with the axis of the eddy current
whose sense is counterclockwise, viewed from above, in the northern hemisphere, and
c].ockvd.se in the southern hemisphere. Thus the diurnal variations may be explained :
“by the existence in the atmosphere of a system of closed eddy currents which remain

~fixed in space, and within which the earth rotates. Since the maximum value of the
““vector of the variations come during the daylight hours, the maximum current strength
‘mst be in the space between the sun and the earth.

The system of electrical currents corresponding to the fields of diurnal varia-
tions. The magnetic field of the solar diurnal variations, i.e. the field corre-
sponding to the distribution of the vector of variations must have its sources which
‘most probably may consist of a certain system of electrical currents which most prob-

_‘a.bly may be represented in the form of a certain system of electrical currents.
 The general distribution of the vector of variations on the earth's surface for a
" given moment of time, represented in Fig.72,a and 72,b, indicates that the system of

currents with their center at latitude 30° and on the principal meridian, remains
,_!.:ond in apace between the sun and the earth, and an observer on the earth, in ro-

¥
44

--tating with respect to this system, passes during the course of a 24 hour day

A‘J’bhrough all values of the vector of field strength of these currents, distributed a-
48 i

__llong the parallel of the observer. Since ‘the electric current and its magnetic
50. !

1eld are connected by the Biot-Sawra law, then, if we imow the field, the current

52

also be determined, provided that the distances between the current and those

:l;ints at which the field is In:;m _;;-o >uﬂiso knmn ?or f:hi; —;'euon to fi.nd the sys—
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tem of currents according to an assigned distribution of a msgnetic fxeld we must

'at.arh out from the law in qusstion or from its consequences.

H—

Fig.72. Projection of the Vector of Variation S84 on to the Vertical Planes;

1

. a. Onto the Plane of the Principal Meridian; b. Onto the Plane of the Prime Vertical,

Such a consequence,.which is the most convenient to calculate, is the equiva-

;Lenca of a closed current with a dual magnet.ic layer. For this reason, by replacing
50—3:1:hs system of currents by a dual magnetic ;l.ayer of variable density, disposed on a

5‘1‘~~‘aphore concentric with the earth's surface and having a radius R greater than the

—we-£ind -the magnetic potential U of such a layer at the earth's.

Mmmm of potential that
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1
v=[[uZ{L)as,
1

‘where 11 is the surface density of the magnetic moment of a double layer correspond-

ing to the element of surface do; p is th& distance between the point of the earth's

0 :isurface where the potential U is sought; n is the direction of the normal to the

jsurface of the sphere coinciding with the radius R, and the integration is taken

W'_'over the entire surface of the sphere.
Since p> = R2 + r2 - 2Rr cos vy, where y is the angle between R and r, and T

>R, then
1_ VR
23
? = E e+l Py (cos 7
T - n=y .
e ‘”:and, consequently,

U=—E(n+ 1)":;:._, f .(pP,, (ces ) dS.

n=1

i
It is proved in potential theory that every function of two variables (the lati+

i
i
|
i

i;tudo © and longitude) ), assigned for the points of a sphere, may be uniquely ex-
'l?panded into a series in Laplace spherical conditions; and for this reason . may be

represented in the form of the sum:

46

i . .
Fie iy =’§"(a: cos m). - b sin m)) P37 (cos ;. (6.1)
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—— W FE R
U ‘\-_‘(ﬂ-l- Do 2 J. .[:;‘.P,‘ (cos ) dS.

n=l kw?

. "It is known from the theory of spherical functions that

.“ ..f 3P (cns7) dS = 22 ecau

2r +

J f WP (ces ) dS == 0, ecar

__For this reason

>

R nLl fR\» .

U=— .}.i'*:zu-,- : (‘7/\ Hn: (6.2)
n=1

. .
On the other hand, the magnetic potential of the field of variations, as we

'know, is expressed in the form of a series:

i3

U=R _\: u,, rie U,= }: (pn cos man - gn sin m)) Py (cos %), ] (6-3)

" where the coefficients PR and G§ are known from observations and represents the ex- .

“i__ternmal part of the potential of variations.

On comparing the expressions 6.2 and 6.3, we find that

< .1 R\n
RU, = =1z g5 _f_) wnr

ETRTAFTR

R 2241/ ’)”U,,,

"land, by substituting 3, in equation 6.1 and replacing Uy by its value, we have

»

2 . - n
: - 241 \ - . SR e
B — % }:‘TI'-TTF i—)" F:p"- cos mh - g sin m)) Py (cos9). (6.4)
o ‘ - ‘ . .

e e e et o 1 | i g, e g 4,

043R000700150004
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!

The density of the magnetic moment 1 ©.

“current strength of a closed circuit, and for this reason the expression for the

“ -~ strength of the current at any point of the surface of the sphere with coordinates ©

1 ey e o - Aot A i A e~

‘ _M‘;and %, will bave the same form as equation 6.4.
ton This equation shows that for the calculation of the current strength at any
A‘point of & sphere it is sufficient if we merely multiply each term of the expansion

_of the potential of ordern, by the term containing one unknown

‘quantity, the radius of the external sphere through which the current flows. This
_ radius must be determined from any other considerations. In the first paper devoted‘
“to the calculations of the currents in the atmosphere, this radius was fortuitously :
" taken at 100 lm more than the earth's radius, which corresponds very closely to
present-day data on the height of the conducting layer in which the existence of
- _such currents is possible.
At the present time there is ground for holding that the system of currents
causing the solar diurnal variations of the magnetic field is located in the E layer’

‘of the ionosphere, the height of which, according to observations on deflection of

‘radio waves, varies between 100 and 120 km, For this reason, if we assume the height

""‘of the E layer as equal to 109 km, &8s bas been done in Ben'kova's paper and t is ox—
" pressed in thousand amperes, while p: and q: are expressed in gammas, then equation;

w,.7:6.h takes the form:

I —
J=2—3,0707 E{n = ll (1,023 \ Tl s M o—q'“ sin mi) Pu (cos 4). (6.3)
nam m-d

It is this formula that will serve Iolr the calculation of the system of curren

On determining from it the value of I for ‘va.rimu values of M and 6, and plotting
» these values on a map, we may draw a uriﬁu of isolines (lines of equal current ‘
—ltronxth), which will rcprennt currcnt linu, i.e. ‘the 1lines aleng which tm

56 it v e [ —
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% flows. The difference between the values of the current strcngth on two ad;)acent §
1
’r

;iaolines gives us the value of the currant. flowing between these lines. . ;

4 . !
Such a system of currents, correspondent to the solar diurnal variations in the%
_equinoctial period and for heights of 100 km, is shown in Fig. 73 N ‘while F:.g.?h shows‘

the system of currents corresponding to the summer solstice.

=

S 3 v o

A 2
A B
) ‘-igf .

b \
- . -—q; ozﬂ_
al :,404 10
5

57 573 o 12’314!516}715!9202127ZJ?6'$F

L n
u

4

Fig.73. System of Electric Currents Corresponding to the Solar Diurnal

Variations in the Equinoctial Periods.

4 L:A‘ The closed curves showing the direction of the currents are drawn in such a way!
Aé—tha.t a current of 1000 amp. flows between two adjacent curves. The currents f£low :l.n‘
48~ _.}tour main systems of circuits, two northern and two southern. In this case, two l
systems of contours are located on the ligheed hemisphere and the two others on the ;
night hemisphere, the former being more 1ntense.
M»MWW .ckcui.t is . equal-to- &,mmm

SSWJMM‘mL.ﬂM. the time of the solatices. . _ .. _

3
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As stated in Section 3,
ternal causes, i.e. to ~urrents flowing within the earth.
‘these currents are caused by inductiol

in some conducting layer of the eart

_ductivity of

would reduce

calculating the external currents.
of the interior parts of the earth.

1
stone envelope, which is of the order of 10-6 ohm— cm~

Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

the earth were known, then the determination of the system of currents

down to the above mentioned operation, analogous o the operation

1

oceans, of the order of L X 10-2 ohm-1 cn—l,

about a third of the field of variations is due to in-
Tt may be assumed that
n of the magnetic field of the external current

h or perhaps in the entire earth. If the con-

R

of

But wa know nothing at all of the conductivity
We know only the conductivity of the upper

and the conductivity of thet

For this reason there have been atteni‘pts to calculate the induction current and:,»

the magnetic field caused by them under the assumption that the conductivity of the

earth is everywhere the same.

~
64 .o

- V-

5 Gj_w_,,___‘ [

|

e

—System. of Flectric currontn,lcoruspondins to. the Moan Diurnal - ...
_Variations During the Period. of the Summer Solstice. - .
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It was found that to make the calculated values of the variation agree with‘t;fxé'é

;
observed values, it would be necessary tc assume & conductivity of v = 3.6 x 10-"'

1 for the earth, that is, somewhat less than sea water and more than the

ohm:L cm-
conductivity of the upper layers. In addition, it must also be recognized that the
upper layer is probably nonconducting down to a depth of 300 km.

The system of currents shown in Fig.73 and 74 has been calculated by equation
6.5 under the assumption that the solar diurnal variations are functions of the geo—:
graphical latitude at a local time. But a comparison of the observed curves of the

diurnal march of the S, variations with the curves calculated by equation 6.5 in

q
which the arguments are the geographical latitude and the local time, does not yield
good agreement. For this reason the Sq variations were expanded into spherical harf-\
monics, taking the geomagnetic latitude and the geomagnetic time as the independent
variables (Bibl.16). The agreement between and observed values was now consid‘erably
better. Fig.75 shows diurnal march of the northern component at the Huancayo Ob- '
servatory (South America, 9 = -12.0°, N = 284.7°), observed and calculated by equa-
tion 6.5 and by formulas in which ¢ and Nare geomagnetic. As will be seen the lat-
ter curve is in considerably better agreement with the observed curve than the for-

mer one.

Fig.76 shows a system of currents corresponding to the expansion in geomagnetic
coordinates. Its principal difference from system in Fig.73 is the asymmetry of the
currents of the northern and southern hemisphere; the current in the southern hemi-
sphere is two and a half times as great as that in the northern hemisphere. In ad-

) dition, their centers are also asymmetric with respect to the equator. It is possi-;
_ble to explain this by the fact that the magnetic field is symmetric with respect f.uE
.the magnetic axis not the geographic axis, which should lead, according to the dym-}

- }no theory, to a reduction of current in the northern hemisphere and its weakening in

|
‘the southern hemisphere (sic). But there are no quantitative calculations.

For a greater approximation of the observed diurnal march to ££°~ theoretical,
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Pen'kova (‘Bibl.l{(') made a spherical analyszis of tue diurnal variaticns of Qlat,

Fig.75. Diurnal March of Northern Component at Huancayo Observatory.
1. observed curve; 2. calculated in geomagnetic coordinates; 3. calculated
in geographic coordinates

abscissa: hours.

L7 cbservatories, including some beyond the Arctic Circle, allowing for the fact
that the variation depends not only on the latitude but also on the longitude of the
place. In this case the longitude, latitude and time taken were all geomagnetic.
No one before Ben'kova has ever performed the expansion with such a formulation of
the question, since all of the investigators had considered the diurnal variations
to be independent of the longitude.

Since the diurnal analysis assumes the expansion of a function depending only

on two coordinates, Ben'kova assumed, in order to calculate the third coordinate,

longitude, that the 34 variations are the sum of two functions, one of which, 8 Q-

17
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depends on the latitude & and the iocal time t, while the secone one, Sq2» depends

on the longitude A and the latitude, i.e.

Sg=Su (@ H~+Sg, (&, I), (6.6)

and she performed the expansion separately for the functions sql ana qu.

The determination of the coefficients of the expansion was perforzed by the

method set forth in Section 3, by equation 5.4 and 5.8. To eliminate +ne influence -

latitide

s

7
Longitude ¢

Fig.76. System of Electrical Currents According to Calculations of Mac Nish.

18
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of the longitude in the expressions for Sql: the means for the given latitude were
taken instead of the coefficients caleulcted for the separate observatory as the ini-
tial coefficients &l]'; etc. in equation 5.8.

The original material for the functions qu was the differences between the
mean values of the coefficients &: and those calculated by equation 5.4. As a result

of this analysis, performed for a large number of stations, it was found that the

main part of the field of variaticns is represented by the function Sql’ i.e. it does

not depend on the longitude.

The longitude function exists, but its influence is shown only at low and middle
latitudes, so that inm the polar regions the introduction of longitude terms does not
improve the agreement between the calculated and observed values of the variation.

In accordance with the res\’ilt of this analysis, Ben'kova constructed a system
of points for the summer months (l‘ay—é.ugust) both for the functions Sql! and for the
function qu. They are shown in fig.77 and Fig.78. A comparison with the current
maps on Fig.76 shows that they are in better agreement with the maps of Fig.73 than
with the maps of Fig.76. The eddy of current located on the daylight side of the

northern hemisphere has about the same form as in Fig.73, and is situated at the

2 uours
6U°N

30°

 Fig.Tl. System of Currents for the Summer Months, from Calculations of

N. P, Ben'kova (for functions Sq1).

19
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same latitude, but Ben'kova found the intensity of this eddy to be greater than that
of the eddy in Fig.73. As for th» intensity of the southern eddy, located on the
daylight side, it is, on the contrary, weaker on Den'kova's map than on the map in
Fig.73. In addition, the center of this eddy is at 12 hours 30 minutes, while on
Fig.73 it is at 11 hours. Moreover, the night region of negative currents, as will

be seen from Fig.77, breaks down into twe distinct eddies, while in on the map of

Fig.73 it reduces to 2 single eidy. These differences in Den'kova's orinion should

be ascribed to the Gifference in the initial data, with which we must reconcile our-
selves, since the analysis of Fig.73 was based on the data of 21 observatories loca-
ted only in middle and southern latitudes, while that of Fig.76 had only 5 observa-

tories, but Ben'kova uses materials of 47 observatories.

The system of currents of the field qu is represented is shown for four in-
stants of Creenwich time: O, 6, 12, and 18 hours.

Fig.77 shows that in the equatorial latitudes at local Noon there is a region
of positive current. Tts development reaches its maximum (20,000 amp. ) when the
300° meridian is close to the noon seridian. This region almos: “isappears and is
displaced towards the north, when the local meridian lies on the Greenwich meridian.
There is a region of negative currents on the night side. They are most distinct at
3 hours on the 300° meridian; and their maximum velue in this case is 21,000 amp.

N.F. Benekova in her analysis also separated that the part of the field corre-
sponding to internal causes and that part of the field (eddy) corresponding to ver-
tical currents. But the latter problems are still controversial, since the value of
the vertical currents strength obtained by Ben'kova from the analysis is many times
greater then the value of the currents observed on the earth's surface.

Attempts have recently made to directly prove the existence in the ionosphere

of the currents causing the diurnal variations (Bivl.48). On 17 March 1949,

near the geomagnetic equator (% % 1193, N =89°W) at 1120 hours and at 1720

hours local time, two rockets with magnetic instruments were sent up.

These instru-
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ments automatically transmitted signals by radio, at definite time intervals, of the

363" 360°
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Jo’
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13r e
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Fig.78. System of Currents for the Summer Months, According to Calculations

of N, P, Ben'kova (for functions qu).

value of the magnetic field strength. The height of the rockets at these moments

was determined by a radar installation cn the ground and by the signals emitted from
the rockets. Both rockets reached a height of over 100 km. The first rockets was
sent up at.a moment when the current density, according to theory (Fig.']b), was max-—

imam, and the second when the density was minimum. The results of the worked up ob—
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servations in FTigs.79a and 7Sb. The former relates to the observatiens at 1720

hours, the second to observations at 1120 hours. The solid lines represent the va-

riations (decrease) of magnetic field strength with height, calculated under the as-
sumption that the earth is uniformly magnetized and that its magnetic moment corre-—

sponds to the first term of the Causs expansion. The dashed lines are the results

& willigrans

g

hilometer

100 120

kil?muter
Fig.79. Variation of Magnetic Field Strength with Height from Rocket
Observations:

a. at 1720 hours; b. at 1120 hours.

1. theoretical curve; 2. observed curves;
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of direct obtservations. The points corresponding to the ascent of the rocket are
marked by circles and those to the descent by crosses.

The results of these experiments indicates that currents actually do exist at a
height of about 105 lm, since Fig.79b has 2 sharp variation of the magnetic field of
these heights, while Fig. 79a, ccerrespondent to the minimum of current such veria-
tions are not observed, and the experimental curve coincides over its entire length
with the theoretical.

For our final conclusions from these experiments, however, it would bs necessary
to perform & theoretical calculation of the variation of the field due to currents,
and to compare it to the observed values, as well as tc have a repea ed cbservation
of the same nature.

The noncoincidence the disagreement between tie thecretical and experimental
curves near the earth's surface may be explained by the existence of an anomaly in

the region of the discharge of the rocket.

Section 2, lunar-Diurnal Variations.

In addition to the variations connected with the positions of the sun with re-
spect to the earth's surface, there also exist variaticns of periodic character con-
nected with the position of Moon with respect of the horizon. The period of these
variations coincides with the time interval between two successive crossings of the
local meridian by the moon, i.e. with the lunar half-days.

The lunar diurnal variations are found on working up the records of magneto-
graphs with respect to the lunar days. Since the lunar days differ from the solar
days by only 50 min. 28 sec. (the lunar days equal 24 hours 50 min. 28 sec. mean so-
lar time) it follows that to eliminate the lunar that to isclate the lumar diurnal
variations there is no need to work up the magnetograms according to lunar days by

taking the ordinmates for each lumar hour, but that it is sufficient to use the data

obtained in working them up according to solar days and a rearranging them according

to lunar time.

Sanitized Coj roved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

This rearrangement consists in taking the lunar days as equal te 25 hours of so-
lar time, and, for each hour, entering the values of the ordinates from the tables

prepared for the solar-diurnal variations. Their value for the 25th hour are taken :
as equal to the value of the first hour of the following day. In this way each ssuc-~f
cessive lunar day begins one hour later than the solar day. The beginring of the
lunar day, which is established by the Astronomical Annual Yearbook is taken as the
moment of the passage of the Moon tnrough the upper meridian (the instant of upper
combination). The upper lunar combination does not usually correspond to an even so-
lar hour, but owing to the large mumber of days being worked up, it is sufficient,
without leading to large error, to take the next solar hour as the beginning of the
lunar day.

In view of the fact that the lunar day does not contain exactly 25 hours, but
is 9 min. 32 sec. shorter, every sixth lunar day should have 24 instead of 25 hours;
in this case the value of the ordinate for the 25th hour repeats the value for the
preceding hour (cf. Appendix 2).

In addition, in order to elimimate the solar diurnal variations, up to the time
of the rearrangement its mean menthly valx;e is‘subtracted from each ordinate. 1In
this way the process of "taking a mean" for the lunar day consists in eliminating all
irregular variations. Since the amplitude of the lunar variations is very smll by
comparison to the non regular part of the variations, a considerable time interval
is required to eliminate those variations. The first detailed study of the lunar-
diurnal variations was made by Chapman (Bibl.49) in 1913. That author worked up by
the above method the observation from the observatories at Pavlovsk, Pola, Tsi-Ka-Wel,
Manila and Batavia for 7 years (1897 to 1903 inclusive).

The results of the statistical workup, and of the subsequent spherical and har-:

J . ﬁonical analysis, allowed Chapman to establish a number of regularities in the march

- of the lunar-diurnal variations, which differed from the regularities of the solar- \
L R .
-diurnal.
ThL
i
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Fig.80. Lunar Diurnal Variations at Batavia and Greenwich at Different

Phases of the Moon.

The principal regularity is the semidiurnal character in the changes of these

variations. The curves of variation of all elements during the course of the lunar
Vﬁ:day have two maxima and two minima while the time of occurrence of the maximum and
minimum vary daily during the course of the lunar months. The mean monthly curve,

'"'-i“»-{)xowever, has the form of a regular double wave with maxima at 6 and 18 hours lunar

|

24 kime.and minims at O and 12 hours for the northern hemisphere. Fig.80 shows the - -i

. lurves_of the lunar diurnal variations of the declimations at Batavia and Greenwich .|

i
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for the four phases of the moon, accompanied by the mean monthly curves.
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_Fig.8l. . System of Currents Corresponding to Lunar Diurnal Variations at

_ Bquinox_(upper figure) and Summer Solstice (lower figurs),
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The displacement of the extreme values during the course of the month may be cleariyf’
saen on the Figure, In addition, the curves for Batavia, which is located in the ;
southern hemisphere, are almost a mirror image of the curves for Greenwich, which i
in the northern hemisphere.

Chapman's expansion of the curves of the diurnal march into a harmonic series
shows that the harmonics with a semidiurnal period remain constant throughout the
course of the entire month, but that the harmonics of the remaining orders change
their phase while the amplitude remains unchanged, thus also resulting in the dis-
placem’ent. of the extreme values. Thus the change of phase for the first harmonics
during the course of the month was —30°, for the third harmonic, +30° and for the
fourth harmonic, +50°.

The lunar diurnal variations have anmial march depending on the position of the
sun. During the time of the surmer solstice the amplitude of the lunar days reach
the maximum values in the northern hemisphere and the minimum values in the southern,
and in the time of the winter solstice, on the contrary, they reach their minimum in
the northern hemisphere and their maximum in the southern. For the vertical and
horizontal components, the maximum amplitudes reach only 1 - 2 gammas, while for the
declination they reach 40".

The. dependence of the lunar diurnal vaeriations on the latitude and longituas
are the same character as those of the solar diurnal. Thus, with variation of the
latitude, the phases remain censtant, but in the northern component, on crossing the
parallels *20°, —20°, they change sign to the opposite. with eastern and vertical
components the variation of phase also takes place on the equator. The amplitude of,

‘, Ethe observations reaches a maximum in the northern component on the equator and at ‘
. ,:l»%latitude L5° ; while the eastern and verbiqal components the maximum of amplitude is !

Jd

_ —ireached at the parallel of 20°,
o] i
ca | The lunar diurnal variations are almost independent of the longitude. It is an

Séjintereating fact that the amplitude of the lunar variations are dependent on the

4
‘ |

~21.
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b

distance of the moon from the earth; more specifically the amplitude of the varia- :
‘tions is about inversely proportiocnal to the cube of this distance. Just as for t:hta_§E
;solar variations, spherical harmonic analysis allows the lunar diurnal variations tog
be explained by the existence of horizontal eddy currents, whose distribution for

_the new moon, is shown in Fig.8l: the upper figure relates to equinox, the lower to;
:the summer solstice. The meridians correspond to local lunar time and for the New

Moon the Sun and Moon are on the meridian 12, The total current flowing in the main,

circuit reaches 5300 amp. for at equinox and 11,000 amp. at solstice.

Section 3. Magnetic Disturbances.

Variations without definite periods obtained as a result of subtracting the so-
lar diurnal and lunar diurnal variations from the observed variations, and which at
first glance appear entirely arbitrary, as a result of their random march, have re-
ceived the name of magnetic disturbances, and at great intensity, of magnetic storms.
While the amplitude of the periodic variations is expressed by a few tens of gammas,
they may reach a few mundreds or thousands of gammas during the time of magnetic
storms.

Magnetic disturbances may be classified according to intensity, duration, and
spatial distribution, into four types.

The first type includes disturbances of very great intensity, magnetic storms
occurring similtaneously over the whole sarth. The amplitude of the fluctuations of
the elements of the terrestrial magnetism of such storms may reach a few thouvsand
H_gammas, and their duration, a few days. The second type includes disturbances of lo-

pal character limited to definite regions, mainly the polar region. Local distur-

“bances may last for one or a few hours and their intensity will exceed mindreds of

While magnetic disturbances of the first type commence simultaneously over

«»%t,he whole earth and proceed in a single phase, disturbances of the second type, even

—1

,v,,ht.tm.nearhw_. points, may proceed entirely different.

s A 1

!
i
3 j_,_.,.g,grm_mm type, the bays, is the name given convexities or concavities on thp;
|

28
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magnetograms, rvcalling the shape of marine bays. The bay-like disturbances, occur—

' ring simultaneously may stretch over the entire earth or may be limited to a certaing
i

region near the auroral zone.
t

Finally, the fourth type of periodic magnetic disturbances consists of the so- !
called pulsations, which are sinusoidal fluctuations in field strength with an am-
plitude of the order of few gammas and a period of a few minutes. The pulsations
may take place simultaneously over the entire earth but may also be limited to indi—;
vidual regicns.

In most cases, the disturbances of the first and second group usually occur si-
multaneously one being superimposed on the other and causing side effects, such as,

" for example, the induction current in the earth, which in turn yield an additional
component vector of the disturbance.

Fig.82 shows magnetograms of the horizontal component during the tire of the
magnetic storm of 14 March 1922 according to the records of five observatories loca-
ted in middle and low latitudes, while Fig.83 shows magnetograms of the horizontal
component from the records of observatories in high latitudes during the magnetic
storm of 19 February 1933.

The curves show that no complete parallelism is observed in the march of the
elements, but that a few maxima and minima do occur simultaneously at all stations.
The amplitude of the fluctuations as will be seen from Fig.82, increases with in-
creasing latitude of the station. Thus this storm represents a storm of world-wide
character with the superimposition of local disturbances.

Statistical processing of magnetic storms has allowed establishing the exist-
fence in them of at least three components differing in character and the laws of oc-'

j‘currence and the laws of their course.

The first of them, Sp, representing the difference S4 - Sq, of periodic charac—

_i‘*;tor, with the period cf a solar day, has already beem considered in Section 1 of :

The second, the aperiodic variation l)._p is found as a resultv of u:r;r-{

. R9
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aging a large number of world wide storms located in columns during the course of Vav“‘
storm, i.e. when the instant of origin of a storm is taken as the initial moment of .

time t= O,

6 5 1

Greenwich Mean Time
A

Bowdoin 1 _~~

Harbour { [A“\-
i 1

~nn

L«.I,

Cheltenham

Huancayo

Watheroo

Fig.82, Magnetograms of the Horizontal Component, from Records of Various

Observatories during the Magnetic Storm of 14 March 1922,

A characteristic feature of most magnetic storms is the suddenness of their ap-—
pearance. Against the background of a rather quiet magnetic field, almost at one an&
- the same instance of the entire earth all elements of terrestrial magnetism suddenly i

vary their values, and their subsequent course undergoes very rapid and irregular !
N ‘variations. For this reason it is possible to determine the beginning of a magnetic

[

1atom of the mgnetograms of all observatories within 1 to 2 mimutes.

—

% The third component, which is obtained by subtracting the aperiodic variation i

T TR N

o4 and the disturbances of the diurnal variation from the cbserved . ones, is reall;t_thn.t{
2 'ngn.tic -disturbance which we term a magnstic storm and which is manifested. in the._.!

_[
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form of irregular rapid variations of all elements of terrestrial magnetism. This

part of the variation is termed, by gemeral agreement, the irregular component, and

is denoted by Di.

The aperiodic disturbed variation Dgp. A characteristic feature of this varia-|
tion is that it is very distinctly manifested in variations of the horizontal compo-%

nent, to a lesser degree in the vertical component, and has entirely no ef fect on

the declination.

The general character of the course of Dap is as follows. The beginning of the

disturbance is 3 short impulse which increases the horizontal component and decreases

the vertical one. These variations amount to +20 gammas for the horizontal component

" and -5 gammas for the vertical one.

i T g T R |
' Batavia,Porto Rico, - Zi-ka-wei,S ot Pola ,Greenwich,

I'_ Homolulu € ' (L'iié.'.i::, Fernenda. 4 Pavlovsk

|

/

|
i

.
1 |

T3 Ui ae 6 8 6 29 32 40 48«0 B B T 37 40 @

Fig.84. Aperiodic pisturbances of the Variation at Various Observatories.

-

' i
t4..... .. The increases. gLvaluaa of the borizqnta.l component lasts only a short_time, ..

t
S(,»...izm,l/z,t.c,z.hnura.,_.mhsre 1s_then a sharp fall in the horizontal component lasting

%
|
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for about & hours and going up to 60 gammas, after which begins a long process of f;}
turn to the normal state, occupying a period of time up to 2 days. This process has,!
received the name of after disturbance.

The vertical component, after a 5 gamma drop, which likewise lasts from 1/2 iogi
2 hours, then begins to increase and during the course of the entire storm remainsg ;
5 v higher than its normal value.

The declination experiences small deviations (from 1 to 2") from its normal
value towards one and the same side, and therefore no regularities in its variation
rust be spoken of.

The next characteristic feature of Dap is the dependence of these disturbances
on the geomagnetic latitude of the place, and their independence of the longitude.
The maximum intensity of Dap is found on the magnetic equator, where the variation
in the horizontal component reaches 60 gammas and more. To the north and to the
south of the equator, the intensity decreases, and at latitude 60° (Pavlovsk) the
variation in H amounts to 40 gammas. Further to the north, Dap again begins to in-
crease, reaching a maximum in the zone of maximum aurora.

Fig.84 shows the march of Dap at three latitudes from observations of the ob-
servatories at Batavia, Porto Rico and Honolulu, located at the geomagnetic latitude
0°, Zi-Ka-Wei, San Fernando and Cheltenham, on the latitude 40°, polar, Pavlovsk,

Greenwich, and Potsdam, at latitude 60°. The graph of Dap shown on this Figure

clearly shows all the regularities in its course that have been pointed out above.

The variations are easily traced up to latitude 60-70°. In the higher latitudes

:‘_'it is still not possible to isolate them so distinctly, owing to the complexity of

: }
phencmena that take place there. The local variations of high latitudes are so pre-!

“Hominant in influence, that, superimposed on the world-wide magnetic storms, they '

56
_masked the variations of D.p which are of lesser intensity. This will be taken up in

“kreater detail in the following Ssction.
“The regularities found in the course of the D,  varistion, indicates thet their
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Fig.85a. System of Electric Currents Corresponding to t‘};e Variations

(view from equatorial plane).
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system of Electrical Currents Corresponding to the Variation

Fig.85b.
(view from polel.

13633

ric Currents Corresponding to the Aperiodic

Fig.86. System of Elect!
Disturbance of Variation:

a. view from Equatorial Plane; b. view from Pole.
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source must be the ring cu.rent flowing in the plane of the earch's magnatic equator.
In this case the direction of the current in the first rhase of the storm must be
from east to west, and in the secend phase, from west to east.

0. A. Bourdeaux was the first to make a spherical analysis of the disturbances
of the diurnal variations. He succeeded in constructing a system of electrical cur-
rents in the upper layers in the atmosphere, responsible for the variation Sp- The
form of this system is shown in Fig.85a and 85b, 85a represents the system of cur-
rents over the entire surface of the earth and Fig.85b a view from the geomagnetic
pole. As will te seen, the maximum density of the current lines is reached in the
zone of maximur auroral frequency, where the current strength reaches 200,000 amp.,
while the total current over an area equal to one quarter of the earth's surface does
not exceed 40,000 amp. The strong crowding of the current lines is also observed in
the polar regions between the auroral zone and the pole where the total current a-
mounts to 270,000 amp. Fig.85a showed the system of current consists of eight closed
currents of which four are located in the eastern hemisphere and four in the western.
The system of currents constructed by Bourdeaux is in rather good agreement with the
observed diurnal march of the variations. Thus, for example, it reproduces the in-
versicn of the X component of the latitude 550, the hours of maxima and minima of the
X and Y components, and the gereral march of the variations in high latitudes. Thers
is still no theory of the origin of this system of currents.

The system of currents corresponding to the aperiodic disturbed variation,
viewed from the sun and viewed from the pole, is shown in Fig.86, from which it is
¢lear that the system forms a current flowing along the surface of a sphere parallel
to the equator, its current density declining from the equator to the auroral zone,

. and inecreasing on passage through the auroral zone, reaching a maximum between the

pole and the zone. The theory of the aperiodic variation has been developed by

“Chapman and Ferrari; and it will be set forth in the following Section,

Bay shaped varlations. As stated above, the bay shaped variations which we

36
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shall denote by Dp, have the shape of the shore line of marine bay on the magnetogram
records, with an amplitude reaching a few hundred gammas. The bay-shaped disturb-
ances appear most distinctly in the horizontal component. 1In this case Dy may arise
as a solitary disturbance amidst a quiet field, or may be superimposed one on the
other, or may also be present in a general magnetic disturbance. Fig.87 shows the
character of a record of such disturbances observed at the observatory at Kew, Eng-

land, in February 1911. Owing to the existence of individual bay-shaped disturbances,

February

7

L

Noon 4 5

70  Midnighe
Fig.87. Bay-Shaped Variations at the Western Observatory at Kew, (England).
undistorted by other variations, in the records of the observatory, their more de-

tailed study was possible. The observations show that Dp, occurring similtanecusly

at all stations of the world, have a maximum intensity in the auroral zone where the

amplitude of the variations of H is tens of times as great as in the low altitudes.

- If a graph-of the variations of H and Z during bay disturbances is plotted a=

i

. gainst the latitude, laying off the maximum amplitude of Dy along the axis of ordi- :

37
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nates and the latitude of the stutions located close te on2 and the same meridian aré

laid off on the axis of abscissas, it will take the form shown in Fig.8E&. This graph

is analogous in its shape to the grarh of the magnetic field excited by 2 magnet with

its axis parallel to the meridian and its center at latitude 1O°.

40° 70°

z m‘
ya
7 \
\>
Z,

7

Right & Left ordinates:

»

4

scale in gaomas

Pig. 88.
1. observed curve passed through the points; 2. approximation for observed

curve by the aid of six times of a trigonometric expansion.

In view of the fact that such graphs are followed through similtaneously on
other meridians as well, it 1s necessary, for the formation of Dg to postulate the
. existence not of a single magnet but of a series of magnets parallel to each other

38
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and located along the parallels, so, in the 2lternative, the existence of an electrig
current equivalent to it and flowing in a narrow beam which may be taken as a linear
current along the 70th parallel.

Indeed, a linear current flowing at a distance R from the earth, creates on the
earth's surface in a direction perpendicular to the current, a magnetic field deter—'
mined by the Biot-Sawara law.

The components in this field along the vertical and horizontal will obviously
H — _2UR

R =

These forulas coincide with equation 2.4,5 for a single-pole filament {paze 349),
the graph at which are given in Fig.1%7. By comparing these graphs with the curves
without the Dy variations in Fig.88, and obtained from cbservations, it will be seen
that they are in close agre ement with ezch other.

If it is postulated that Dp is caused exclusively by current flowing in the up-

per layers of the atmosphere, then the height at which it flows, and the magnitude of

the current strength, can both be easily determined.

e

Fig. 89.

The height h of the linear current is found graphically by constructing the
field strength vectors at points Jocated along the meridian near the 70th parallel,

_and_producing perpendicular to them. The point of intersection of the perpendiculars

.39
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will give us the linear current on the scale of the height, since for the linear cur=
rent the directica of the magnetic field is perpendicular to the distance between the
linear conductor and the given point of the field.

The current strength I is determined from the Biot-Sawara law for a linear cur-

rent:

0,2/
H

2H =
where BHT is the field strength of DB at the 70th parallel.

Such determinations gave a value of the order of a million amperes for the cur-
rent strength and a value ranging fram 1C0km to a few hundred kilometers for the
height.

Further refinement showed that the sources of the DB variations do not consist
only of the currents in the atmospnere, but also of induced currents within the earth,
which is responsible for about 10% of the entire fiela of variations.

Magnetic pulsations. Pulsations represent regular fluctuations of the elements
of terrestrial magnetism, mainly of the declinations and the horizontal component,
with a period from 20 sec. to a few mimutes and an amplitude of a few gammas. At the
usual rate of rotation of the drum of 20 mm per hour, they are found on magnetograms
in the form of a sawtooth curve with small pezks. At a higher raete of rotation of
the drum, however (3 mm per minute) they are recorded in the form of a regular sims-~
oid. A characteristic feature of these variations is that they are observed with
mainly around midnight, often from 22 to 2 hours of the following day. The usual
amplitude of these variations does not exceed a few gammas, although pulsations with
larger amplitudes are sometimes observed. Thus, for example, on 12 September 1930
at the observatories of Abisko (lat. = 68.4°, Long. = 18.89, and Trémso (lat. = 69.79,
- Long., = 18.9°) in Norway, pulsations with amplitude as high as 30 gammas were regis-—
tered. Fig.90 gives the records of these observatories showing the character of the:

pulsations thuuelves. Since pulsations are of a simusoidal form, it has beon postu-

40
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1nted theb they are not the thought btuws haen ecxpress =3 that they might perhaps be
natural oscillaticns of the variometer mignets themselvas (cf. Chapter XI11), due %o
the seismic vibraticns of the soil. But pulsations are clsc observed with magnets

with periods of natural oscillaticons far from those of seismic vibrations.

Yopoply

~rnak

|

z'i

lzi : ‘ * A H
2% nga I agdz aopts dMeazadp.
AR z Z

Fig.90. HMagnetic Fulsations a2t Abisko an? Trorsc, 12 Septs ~ 1¢3C.

An important factor is also thzt the pulsations zre sometimes observed simul—
taneously at several stations, sucii 28, for exanple, the pulsations recorded at
Abisko and Tromso and shown in Fig.90, which are also cbserved at a number of otier
stations. This has given ground for postulating the world-wide character of the
causes responsible for pulsations. A more detailed study of the special distribu-
tion of pulsations, howeover, showed that the region which the action of there causes
ex.tends is limited to a radius of not more than 1000 km. Even such a gigantic pul-
sation as the one observed on 12 September 1930 at Trauso, which is at a distance of;

not more than 100 im from Abisko, declines by a factor of several kinds by compari-
son with Abisko.

roved for Release 2010/08/12 : Cl 043R000700150004



i T e

Sanitized Cop roved for Release 2010/08/12 : Cl DP8 043R000700150004-0

A proof that the pulsations constitute & real phenomenon of nature is also theiz

record by instruments based on the conducti'n principle, i{.e. instruments which react
to a variation of the magnetic field with time.

In spite of the large mumber of works devotzd to the study of pulsation, their
causes have still not been established and there is no theoretical explanation for

them.

Section 4. Variations at High Latitudes.

The systematic study of the variations in high latitudes began somewhat more
than 20 years ago, when, in connection with the Second International Polar Year
(1922-1933) a number of magnetic observatories were open in these latitudes. The ex~-
traordinary complexity of the variational phenomena in these parts of the earth, how-
ever, demands for its study a large observational material, both in time in a rumber
of observatories. For this reason the relatively short period of observations and a
small number of observatories sti1] fail to make it possible to establish definite
regularity in the course of the magnetic variations at these latitudes, as for the
low and middle latitudes, but even the materials that is available at the present
time still allows us to point out certain features and to find regularities of one
kind or another in these phenomenon. The most complete material for the past 25
yerrs has been collected by the Arctic observatories of the USSR. This material en-
abled A. P, Nikol'skiy to find new phenomena in the diurnal march of magnetic activ—
ity in high latitudes. Very valuable material was secured during the Second Inter-
national Polar Year, when a whole system of temporary station operated on a single
conmon program. The results of the observations of this sphere were worked up by
E. Vestine and published in 1947, in the form of many different graphs with explana-—
tory text and a few conclusions.

The results of this workup are the materials which must serve as the foundation
for future studies and deductions. But certain conclusions may already be made,
even on. the basis of this material.
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The solar-diurnal variations Sq. One peculiarity of the diurnal variations in
high latitudes is their dependence not on the geographical latitude, but on the mag- '

netic. This depsndence is manifested with particular sharpness on passage through

Local Magnetic Time
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Fig.9la. Diurnmal March of the Elements X, Y and Z on Quiet Days During

the Period of the Summer Solstice at High Latitudes.

the zone of maximum aurora frequency. A second peculiarity consists in the considers

ably higher value of the amplitude and phase variation in the vertical and northern
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component on passage across certain magnetic parallels.

Fig.91 shows the meen diurnal course march of the variations on quiet days in
the winter and summer months, as well as the mean annual values at the stations of

Local Magnetic Time
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- the Second International Polar Year, located in the high latitudes, and at the same
i
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time at a few permanently operated observatories in the middle latitudes. These
curves clearly indicate the latitudinal dependence of the variations, as well as
their dependence on the season. In the winter months the variations are considerably
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dlesa than in the summer. In addition, our attention is struck by absence of that
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regularity in the march of the variations which is observed in the middle and low

latitudes, which phenomens is probably due to the superimposition if irregular dis- |
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the diurnzl variations on disturbed days minus, those on the quiet days.

Fig.92, showing the mean annual march of the Sp variations, shows thzt the SD
variations are of more regular character than the Sq. Their peculiarity is the
change in phase of the 7 component in passing through the zone of maximum 2urora
frequency, located approximately at the magnetic parallel 689, and also the maxdimum
value of the amplitude of the X component in this zone. The change of phise in the
X component takes place at magnetic latitudes 519, and then again at latitudes 72°,
The eastern component likewise changes its phase twice, once at latitudes of about
60° and afterwards in the auroral zone. The amplitude of all the components reaches
values in the auroral zone that many times exceed the values in the middle latitudes.

Wnile the variations Sl have a strong seasonal dependence, the variations Sy
remain almost the same throughout the entire year.

The aperiodically disturbed variation. The least studied variation in the high
latitudes is the aperiocdic variation (Dap), as a result of which there is still no
well established regularity in its course. But the result of the workup of 11
storms registered at the Arctic stations during the second polar year allow us to
give a few conclusions. In view of the small number of storms, they have been work-
ed up for a group of stations located close to one and the same magnetic latitude.
The result of this workup is given by Fig.93 in the form of grophs, which show that
the northern component at the beginning of the storm has a value ;omewhat lower than
normal, and which then during the first 10-12 hours, falls to 2 minimum, after which
it begins graduzlly to increase to its normal level. The absolute value of the min-
imum increases on approaching the auroral zone, where it reaches 80 y. Inside this

" zone it declines, and at latitude 84° it reaches a value of 30 Y, in this case the

__character of the curve changes completely and takes on the form of a-periodic curve.
; The eastern component varies periodically, now increasing now decreasing, with-
:-in the range of 10-20 Y, indicating the absence of any definite regularities, and i

7in all probability, also indicating the absence of components of Dgp in this di- |
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rection, since the fluctuations might be caused by the superi.mpoait.ion of random va-f
riations. {

The vertical component , up to the auroral zone, has the same character and the
same value of the amplitude as in the middle latitudes. On passing through the au—”’
roral zone, the vertical component, 10 hours after the onset of a storm, pegins to
increase sharply, reaching a maximum of 60 to 100 gammas within a few hours. The
highest value of the maximum is assumed at latitude 71°.

Magnetic activity or degree of disturbance. The existence of 2 large number of
magnetic disturbances in the Arctic latitudes, which, being superimposed on the peri-
odie variations, make it impossible to isolate them by an averaging, force us to seek
other methods of studying these disturbances than the study of the diurnal varia-
tions. Such a method, proposed by A. F. Nikol!skiy (Bibl.50) in 1938, consists in
taking the mean values of the hourly values of some measure of activity, either the
international characteristic k, or the characteristic proposed by Nikol'skiy himself,
the length of the curve D. The mean value of this activity over a certain time in-
terval was termed the degree of disturbance by Nikol®skiy, who studied it in its re-
lationship to the time, latitude, and longitude of the place, season, and the ll-year
cycle of solar activity. These studies yielded new mterial for the elucidation of
the causes of magnetic disturbances, and established a mumber of new regularities in
the course of these variations.

The principal result of Nikol'skiy's work was the establishment of a definite
regularity in the diurnal march of the magnetic of the degree of magnetic disturbance,

‘which was as follows: the degree of magnetic disturbance during the course of the

2.'; hour day has two maxima, one of which comes in the morning hours and occurs ac-

lcording to universal time, the other in the evening hours, and occurs according to

" Tlocal time.

In addition, the instant of omset of the morning maximum in the eastern hemi-

phere depends

“Linearly on the geomagnetic latitude ‘of the station, while in the

W8
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western hemisphere this instant of onset takes at one and the same hour {1530-1630

hours Greenwich mean time).

o
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Ordinste: Degree of magnetic disturbance
&

Fig.94. Diurnal March of the Magnetic Disturbance at the Tikhaya Day

Observatory.

Fig.94 shows a typical curve of the diurnal march of disturbance at the Tikhaya

Bay Observatory (Lat. 71.5°, Long.= 153.3°) while Fig.95 shows the relation of the
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Fig.95. Relation of the Morning Ma.:dmmioé Disturbance to the Universal Time

!

These curves thms give nl,’

(according to Nikol'skiy),

~+ ‘morning maximum to universal time (Greenwich mean time).
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grounds for asserting the correctness of this regularity.

On investigating the behavior of these maxima in relation to various parametsrsi
Nikol'skiy found that each of them behaves differently, which gave him reason to e- :
nunciate the hypothesis that these maxima were of different nature.

Thus, for example, the value of the morning maximum is almost independent of thé
season, while the evening maximum has its lowest value in winter and its highest val-

ue in summer, which is illustrated by the curves of the diurnal march of disturbance.

at Tikhaya Bay, worked up by seasons — winter, summer, and equinoxes (Fig.56).
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Fig.96. Relation of the Diurnal March of Magnetic Disturbance and the Season.

The value of both maxima of disturbance depends further on the general state of
the magnetic field.

With the increase of the general degree of disturbance, the value of the maxi-
mum increases, but in different ways. Fig.97 shows the diurnal march at Tikhaya Bay
for six groups of days with varying degrees of disturbance. It will be seen that at.
“the beginning, when the total disturbance is small, the morning maxinum is predomi-~

' nant, but later, with the increase in the total disturbance, both maxima increased,
but the night one increases considerably faster, and on stormy days is almost twice .
,:u large as the morning maximum. e e _%
v Finally, we point. still another peculiarity, the dependence of ithe value of the
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maxima on tlie geomagnetic lutitude. This dependence is shown 1. Fig. ¢¢, which indi-
cates that with increasing latitude the maxima also incremes, but that tre evening
maximum reaches its highest value in the

Ordinate: auroral zone while the morning maximum

Vagnetic Disturbance

reaches it at the peomagnetic pole.
411 these facts confirm beyond the

doubt the thought that these two maxima are

Crdinate: Magnetic Disturbance

'

Morning

Nigut

ADscissa:

Abscissa

Fig.97. Relaticn of the Diurnal ¥arch Fig. 98. Relation of a Haxdmum of
of the Magnetic Disturbance on tre Disturbance to the Geomagnetic

Total Disturbance of the Field. Latitude.

due to different causes. However, attempting to find these causes and to explain the
diurnal march of the degree of the magnetic disturbance, Nikol'skiy constructs a
very simplified scheme of currents postulating that the variations are due to a rec-

tilinear current of corpuscles of different signs, with the morning maximum attrib-

uted to a stream of corpuscles of one sign, while the evening maximum is attributed

4+o0 a steam with the opposite sign, although he adiuces no quantitative calculations

52
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to confirm this hyrothesis.

Nikcl'skiy further attempts to cast doubt on the nethods of segregating the di-
wrnal and aperiodic disturbed variations, and claims in his work that, at Llesst in
the high latitudes, the diurnal variations and averiodic disturbed variations do n
exist as actual rrocesses and that they represent fictitious phenomena obtained as a

result of the statistical treatment. It is premature to igree with such treories and

conclusions, since they arc construcied with no quantitative analysis whatever and

sre unconfirmed even by elementary mathematical calculztions.

laction 5. The Aurcra.

The magnetic disturbances observed on the earth, ard
regions, are closely connected with the aurora. This cennection is not mersly ex-—
ternal, but is also internal and physical and is due to ghe commen causaticn of both
rhenomena., For this reason, in considering thre causes of magnetic disturbances they

ahstracted from the fact of the aurora, which allows us to un-
Jerstand more clearly and more profoundly the nature of the magnetic disturbances.

1. The forms of the aurora. The aurora may te clzssified according to its
corm into two creat groups: auroras of nonradial structure and auroras of radial
structure. sach of these groups ir Lurn subdivided intc z number of subgroups.

Those of nonradial structure include the following:

1. uniform cuiet arcs the lower edge of which is sharply pronounced, while the
upper edge is blurred. A dark segment is observed between the lower edge of the arc
and the horizon;

2. uniform bands usually extending in the same direction as the arcs, but less
regular in form. The lower edge is often sharply defined, but is irregular in form.
In most cases the bands are broken up by dark spaces and for this reason have the

form of feathery clouds;

3. pulsating arcs, which rhythmically appear and disappear with a period of a

few seconds;
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L. diffusely luminous surfaces having the form of 4 vell covering & Lury
of the sky;

5, ypulsating surfaces consistine of diffusely lumincus parts of the sky, ap-
pearing 2t one and the same rlace.

The radial-structure auroras include the following:

1 arcs with a radial structure;
bands of radial structure, ssemingly uniform, but consisting
streaners;

3, drapery, consisting of a few bands with very long streamers,
folded curtain. The lower adge of the drapery is usually more illuminated.

the magnetic zenith (the rrojection of the magnetic pole crn to the celestial vaults
5

it has the form of a fane;
4. isolated streamers which may be narrow or wide, short or long, isolated
or in the form of beams;

5, a Corona, consisting of streamers, bands, or drzgery corverging to & single
point near the magnetic zenith.

2. The direction of the streamers of the aurora. 4 substantial factor in the
observaticns of the radial structure is a sufficiently cliose coincidence cf the di-
rection of the streamers with the direction of the lines of force of the earth's mag-
netic field. This fact is one of the basic facts for the construction of the modern
theory of the aurora, based on the motion of charged particles in the earth's magnet-
ic fields.

Indeed, by observing visually the streamers of the aurora it may be noted that

all of them converge on 2 single point located near the magnetic zenith. The re-

sults of precise determinations of the direction of the streamers by photographing

the Corona of the aurora, are given in Table 19 which gives the observed height handx
the azimuith of the point of convergence of the streamers and of the magnetic zenith.

As will be clear, the coincidence between the point of convergence of the

Sk
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streamers and the mugnetic is served within the limits of

observations themselves.

Observer s Number of observa- Point of Magnetic
tions convergence

Station

Vegard and
Krogness 1914

Stoermer 1917-1921

Vepard, studying the structure and distribution of the light along =
rays, came to tre conclusion that the rays always follow the directicn
of force and that the point of threir intersection corresponds to the magnetic role,
which may t i a owing to the ayp earance, during the time of strong aurcras, of

an additional miognetic field formed :

3, The height of the aurora. The height and positicn of the aurora in

may be determined by the simultaneous observation of their coordinates
azimuths) at two points, the distance wetween which is known.

The first determinations for this method were made over 20C years azc and they
have since been repeated by many investigators, who have ziven the height within the
range of 80 to 200 km. 3But exact determinations of the reignt of the aurora became
possible with the introduction of the photographic method.

This method was first used by St8rmer (Bibl.51) in 1910, and in 1913 at the Cb-
servatory at Vessekop in Lapland, and is as follows at two stations, working simul-
taneously and having a te.ephone connection between them, the aurora is photographed
on motion-picture film. 3tars are photographed together with the aurora on this film.
By determining the position of the zurora among the stars on the film, and knowing
the distance between the stations and the azimith of the aurora, its position in

space can be determined with fair accuracy and its height can be calculated. The

55
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Probability of Appearance of Lower Boundar:;f of surora Flotted

against Height.

the aurora ranges from 87 to 350 lm, with two maximum frequencies being observed,

one at height 101 and the other at height 106 km.

These results were confirmed in 1920 at the Holder observato

atic determinations of the upper and lower boundaries

Sanitized Coj

ry by more system-

of various types of aurora.
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The reographic distributicn

chserved not only in the Arctic regions but also in

aurora.
For 60 years from the publicati

lated on observetisns of the aurora, which possible in 1047 (Bibl.5

struct a new mar of the isochasms (F 150) which on the whole repeats the 1

A4 similer zone of maximum aurora exists zlso around the south geomagnetic pole.

On the map, the isochasm correszonding to the maximum frejuency is shown by a

thicker line. Tre valucs of the isocct! are shown in arbitrary units, in percent

related to the maximum zone.

Fig.1lOl is a2 map of the earth on which the northern and lower zones of magnetic

of maximum auroral frequency and the geomagnetic equator corresponding to the uni-
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SLIOn

Fig,100, Isochasms —- Isolince of surcral Freguency.

durins the last 100 ysars. The strongest of them was cn 4 February 1872 wren it was
visible at 3ombay, Lat. 19° N, at a distance of 20° from the magnetic pole. The
magnetic zenith ol this aurora was observed at Constantinople and Athens. The aurora
australis was ohserved simultaneously at Lat. 2073, at a distance of 72° from the
earth's magnetic pole. The next intense aurora wes observed on 14-15 May 1921 when
the aurora australis reached the Islands of Samoa (13.89S). This aurora was accom-

panied by strong magnetic storms.
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strong suroras ware 31lso0 observed in January and April, 138,

5. The diurnal distribution of the aurora. By observing the aurora daily it
may be noted that during the 24 hour day it appeared not at random but have a ten-
dency to ETrOup themselves about a certain moment about 2 certain time. Thus, the
observations during the First International Folar Year, 1882-1883, showed that au-
roras in the form of sireamers draperies and corona have & distinct maximum in the
evening hours, and a winter maximum in the morning hours. In this case, the moments-
of maxirum appearance of the aurora, according to local time differ at the various
stations, depending on the geographical coordinates. Thus at Bossekop station (lLat.
£9.57° end Long. 23.150}’:‘.) this maximum was at 2125 hours local time, while at Fort
Rae, Lat. 62.390, Long. 1159494 it was at 2400 hours.

If, however, the local magnetic time is taken instead of the local solar time,
then the times at maximum auroral frequency will be the same for all stations, and
correspond to 23 hours magnetic time. In this case, "oy magnetic time" we mean the
angle between a plane passing through the magnetic axis through the earth and the
sun and the plane passing through the same axis and the given station.

6. The spectrum of the aurora. The spectroscopy of the aurora, owing to its
low intensity, requires special spectrographs with a largef mmber and an exposure
meagsured in tens of hours. For this reason it was long impossible to jdentify some
of the lines observed with the lines of amy specific element. In 1912 Vggard suc-
ceeded in obtaining 33 lines by the aid of such a spectrograph and an exposurs last-
ing a monthe.

Subsequent studies showed the presence of a large number of lines in the auroral
spectrum in the visible, infrared and Jltraviolet regions. Among these lines, the

most intense is the green line at 5557.3 A. This 1ine does not correspond to any of

- ‘ghose observed under laboratory conditions.

Since this line is observed not only in the spectrum of the aurora but also in !

] ithe specirum of the luminescence of the night sky in the absence of the aurora, it
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gave Vegard cause for enunciating the hypothesis that solic cryshaline particles of
nitrogen were present in the upper layers in the atmosphere and on bombardment by e-
lectrons luminesced and radiated this line.

But this green line at 5777 A (sic) was later obtained under laboratory condi-
tions from atomic oxygen, and in this way the problem of the origin in this line of
the spectra of the aurora and the night sky was solved.

Of the other brightest lines, we may note the lines at 3914, 4278, 4708 and
5225 A, belonging to the ionized nitrogen molecule No* and the lines 3997 and 4059 A,
belonging to the neutral nitrogen molecules.

The discovery of the green line in the spectrum of atomic oxygen permitted the
prediction of three red oxygen lines at 6300, 7364 and 6392 A, of which two were
found in the auroral spectrum.

Thus the aurora on the whole is the luminescerce of stamic oxygen and molecular
nitrogen of which the ionosphere is composed.

7. The connection between the aurora and solar activity. The connection be-
tween the magnetic disturbances and the aurora was first established as far back as
the beginning of the 18th Century, when it was noted that the aurora are accompanied
by magnetic storms.

Further observations completely confirm this discovery, but it has still not
been possible to establish the essential functional connection between these phenomre-
na. All the studies in this direction lead merely to a statistical correlation which
always was found to be high, Thus the regular observations at the magnetic observa-
tory at Tikhaya Bay made in 1932-1933 allowed a Soviet investigator (Bibl.54) to
compare the magnetic characteristics 01 2 3 4 with the auroral characteristics 1 2
3 4. In the auroral characteristics, Unit one corresponds to the absence of an au-
rora on that day, two to the presence of moderate aurora, but without a radial struc-

ture, three, to the presence of bright auroras of radial structures, and four to

very bright auroras. The results of these comparisons are given in Table 21, which
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indicates the number of days with the corresponding auroral and magnetic character-
istics.
Table 21.
Comparison of Magnetic Activity and Auroral Activity from Observations at

Tikhaya Bay During the Period from October 1932 and arch 1933.

Number of cases when the magnetic |Mean magnetic
(ntensny of aurora I ots A characteristics was characteristics
characnensucs? '

: |
| 3 f !

doderate  { 2) .
Eright (3.

« Fainer (1) . . . ,’ . ,
{
Very bright |

(I n LR |
LYW L go

).

i
i
|
I
|
'
'

These results, in general, confirm the absence of magnetic disturbances on
those days when aurora are nct observed and their appearance with the appearance of

the aurora, although there are also exceptions.
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Fig.102. Number of Days in the Year with Sunspots and Aurora, Observed in
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Australia from 1840 to 1896,

Like magnetic activity, the aurora have a tendency to a 27-day cycle, and, fi- :
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nally, also have an 1l-year cycle of maximum frequency. Fig.102 gives the curves of
a number of sunspots (upper curve) and a number of days in the year with auroral dise
plays (lower curve), observed during the period from 184C to 1896.
Except for the first cycle, the maxima and minima of the curves are almost in
the very same years, which indicates the close connection between these phencmena.
A1l this forces us to assume that the aurora, the mgnetic disturbances, and

the appearance of spots on the sun are interrelated.
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CHAPTHER VII

PHECRY OF MAGNETIC VARIATIONS AND AURCRA.

Section 1. The Ionosphere and its Froperties.

The results of mathematical analysis of the curves of iazgnetograns give reason
cor holding that the cause of both solar and lunar diurnal variatiors is the exist-
ence in the upper layers in the atmosphere of a system of electric currents with 2
distribution that must be roughly about what is shown in Fig.73 and 7. For this
reason all thecries of diurnal variations, starting out from this proposition, at-

empts to give the mechanism of origin of these currents, under the assumption that
the upper layers of the atmosphere possess & corresponding conductivity. Until the
1920's, the question of the conductivity of the uprer Jayers of the atmosphere re-—
mained a pure hypothesis, and consecuently the theories of the magnetic variations
based on this hypothesis could not claim to be reliable. But observations on the
propagation on the radio waves, especially short waves, showed the existence at a
height of 100 to 300 km of conducting layers having the ability to reflect radio
waves, as occurs with metallic conductors. In this way the hypothesis of the con-—

ductivity of the upper layers now has experimental confirmation. The existence of

- conductivity is explained by the jonization by the atmosphere under the action of the

ultrav'iolet and corpuscular radistion of the sun. This region of the atmosphere has

received the name of the ionosphere. Since the ionosphere plays an immense role in
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the formation of the variations of the magnetic field of the earth, it is necessary, ‘

evan though only briefly for us to dwell on its properties, and the methods of study-i

' j‘ing it. !

!
1. The propagation of radio waves in the ionosphere. The dependence of the"iiﬂ;
i
“dex of refraction on the density of ionization. Let us assume that in an jonized me-i
ﬂium located in the magnetic field of the earth, there is propagated a monochromatic

_plane slectromagnetic wave with angular velocity w in the direction of the z axis,

)
i
i

1

i

which makes the angle B with the direction of the magnetic field H. In this case,

‘under the action of the electric vector E of this wave, the free electrons are put
into motion, and the equation of ome of them will obviocusly be:
7 m—lEE == ﬁH

ag ’ c {dt ’

(7.1)

_if we consider that the electrons do not lose their energy under the action of the

collisions, where r represents the vector of displacement under the action of E, and

¢ is the speed of light.

If 8 denotes the dielectric constant of the ionized medimn, then
' ¢E = E - 4=P.

__where P is the vector of electric polarization, which m.y in turn be represented in
_the following form:

P = — Ner,

B :whereu is the muber of free electrons in 1l cc.

Prom this, expressing E and r in terms of P, and substituting in equation 7.1,

- ys obtain:

i P
PT Ne [_‘H] 7.2

the vector E is a harmonic function then E= EO aimvt. s equation 7.2 al-

Jows us to f£ind the value of ¢ connected with the index of refractionn, which is ut

follows: S
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ey

a=n‘2=1

— ——— o T (7.3)
2(l — a) — BHL = V B+ 07 E( —ar

e
a= u b=-—--.
mw? mee

e RS ARS ATEE

Let us now consider the case where the magnetic field is absent, or where it

may be disregarded. Thea, putting H = O in equation 7.3, we shall have:

ee—=n?=1—a=1 4=N3 .
- =T T baame .

This expression has a physical meaning only for a{ 1. At a =1, the index of

refraction becomes zZero, which corresponds to the phenomenon of total internal re-
flection. Consequently, at constant ionization density, i.

e. when N = const., it is

_ always possible to select a frequency of oscillation of the electromagnetic wave ¥,

at which the index of refraction shall be zero. In this case the total internal re-

flection of the incident wave takes place, and with normal incidence it returns to

the place from which it came. It is from the difference between the time of the e-

mission of the

signal and time of its arrival that the height of the reflecting lay-—

. er can be determined. The frequency Wg, at vwhich total intermal reflection takes

: 7, place is termed critical; if we know it we can determine the relation of the density

.2 of ionization to the mass of an ionized particle from the eguation:
tr .__ 4=NE
==

—d
4 §_|whence
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ond. .

In this way the method of reflection of radio waves of variable frequency from 1

the ionized layer allows us simultaneously to find the height of the reflecting lay-]l

or and the density of ionization of that layer, provided we know the species of foh=
- 1
ized particles. Thus if the particle is an electron whose mass m =9 X 10—285 s ]
then "
N=1,24" 10‘3f:.
If, however, the ionized particles are oxygen and nitrogen ions, the mean mass :
of which is m = 3.7 x 102> grams, then

N=2,5-10"¢

If an electromagnetic wave of constant frequency penetrates into an ionized lay-
er of gas of variable ionization density, then it may reach a level at which n be-
comes zero. At this height, then, there is total reflection from the layer.

For the case when the magnetic field is not equal to zero, the index of refrac-
tion, as show by equation 7.3, has two values. For this reason, when an electromag-
netic wave passeg through an ionized medium, it must be split into two. One of thes§
bwaves, corresponding to the plus sign in equation 7.3, is called the ordinary wave,
while the second, corresponding to the mimus sign, is called the extraordinary wave,i
by analogy with the doubly refracting power of crystals. »

If expression 7.3 is equated to zero, then we obtain two equations each of
which determines the critical frequency of the ordinary and extraordinary waves. ;

One of the roots of this equation a = 1, while the second a = 1 I bH. The ﬁ_rs%t.

‘;of them corresponds to the ordinary wave, the second to the extraordinary. If we %
replace a and b by their values and denote the critical frequency of the ordinary
J’wave by wg and of the extraordinary wave by w§, then we obtain

e - .

T . =, ) H = o«
| = o2 =2l 4—:{": - 7.7)
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The quantity eH/me represents the angular velocity of rotatioh of the charg;; vi

about the lines of force of the magnetic field. If we denote it by wy, we shall

have

2 ’

@, _“:OEO’—@:-_—.O,

or, passing over to frequencies expressed in cycles per second:

fE=faf.—fi=0,

_. whence

=)/ 1="2.

As shown by experience, fy is always less than fc, and therefore we may write,

approximately:

fi—fo==gfa==

__but only the plus sign has a physical meaning, i.e. the frequency of the extraordi-

.- nary wave is always somewhat higher than the fredency of the ordinary wave.

For a layer of the atmosphere the ionization of which is represented by elec—

_utrons:

fo—f,=1,4 H azq.

po] For middle latitudes, where H = 0.5 04, the difference in the frequency of the

481 |
i 1

. ——fextraordinary and ordinary wave will be of the order of 0.7 megacycle. !

52
54 \times as great as the mass of an electron, then fy, and c@o@mly also the dif-

|

56 ,ference £, - f‘, will likewise be a few thousand times as great, i.s. of the order
[ - Wy . DT RITET i p e M T T T

-—‘i But if the ionization is represented by ions, whose mass is a few thousand
—
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‘ of a fow hundred cycles. T

1
It follows from this that in the presence of double refraction, when the di{qu-

“ence between the frequencies of the ordinary and extraordinary rays i{s of the order |
of 1 -1.5 megecycle, we have an jonized layer represented by electrons. In the ab-|
" gence of double refraction, however, the opposite conclusion cannot be drawn, since

,"‘ the extraordinary ray, after being reflected, may also fail as a result of absorp-

tion to reach the earth's surface.
Equation 7.7 shows that the ordinary wave coincides with a wave that is with
the wave propagated in the absence of the magnetic field.

2, Methods of studying the jonosphere. The theory of propagation of radio

"waves in the jonosphere allows methods to be established by the aid of which it is

possible to determine the height of the jonized layers, the density of their ioniza-

tion and the character of the jonized particles. The principal method in the study

of the ionosphere today is the pulse method.
The pulse method is as follows. A radio installation, consisting of a trans-—

mitter, receiver, antenna, pulse modulator, relaxation oscillator, and cathode oscil-

Antenna- - -
radiating &
receiving

1
Palse High-fre Recei ish
Modulator Soiliater ™ sopiitier

_i

J— i Cathode
= oscillograph

Relaxation

oscillator {_.—‘_;lj
v .

g

Fig.103. Schems of the Pulse Hsthodlof Studying the Ionosphere.

Tograph (Fig.103) pericdically it sbort pulses with &
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10~% to 1075 sec. Sirce the frequency of the oscillations of the transmitter is of |

o e b RS ST

’ _ the order of a few megacycles, a few hundred oscillations will go into each pulse.

The time irterval between two successive pulses, or in other words the pulse fre-

i
i
1
|
!
i

.quency, is so chosen that the radiated impulse shall be able to reach the ref.‘let:*bingl

layer and return from it before the second impulse begins. With a height of the Fs I

TN s

mlayer of the order of 300 km, the travel time t will be 2 x 10~3 sec. Usually the
interval between the pulses is taken ten times as great, i.e. 1/50 sec. The direct
and reflected pulses are received by the antenna and enter the radio receiver, at
the output of which an alternating voltage is produced. This voltage is fed to one v
of the pairs of plates of a cathode oscillograph, while the other pair is connected ‘
" to the relaxation oscillator of the same frequency as the pulse modulator, 50 cycles;
The relaxation oscillations are synchronized with the pulse modulator in such a
way that at the time of minimum amplitude of the relaxation oscillations, i.e. when
the voltage across the oscillograph plates is at a minimum, the oscillators shall re:—
ceive a pulse. In #hat case the reflected pulse arriving after a certain time in-
terval and entering the oscillograph plates, meets the cathode beam deflected in a
direction perpendicular to the direction of the oscillations of the pulse, and on the
oscillograph screen we shall see two luminous bands a certain distance apart. Simce:
" the relaxation oscillations are proportional to time over most of its half-period,
the deflection of the reflected beam will likewise be proportional to its time lag.
. In this way, by measuring the distance between the luminous bands, if we know the
time scale, the height of the reflecting layer can be detemmined.

To photograph these bands » the oscillograph screen is covered by an opague

‘screen with a narrow slit in the middle, and the photographic film is displaced per—’
A8 :
- pendicularly to this slit. If the height of the reflecting layer is constant, then !

5 O~4

-a series of straight lines, correspondent to a different mumber of reflections, will

32,—4

’4‘—1” obtained on the film. But if the height varies, we shlll obtain a curve uho‘d.ng

5

Mgmww-w g

—the relation of the hoight of tho lqcr t.o the tima.
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The pulse method allows us to determine only the height of the refléctifng lay:;’

]
i
To find the eritical frequan’i

frequency which the reflection stops. In modern installationa, these variations of ‘

4frequency are produced automatically, and such an installation has received the nameg
of ionosphere station, :
3. Measurement of the height of the reflecting layer. If the velocity of prope

agation of waves in the ionosphers did not differ from the velocity of propegation

in a neutral medium, i.e. if it were equal to the speed of light ¢

h

s then the height
g of the reflecting layer could be calculated by the formla

(49

’

where T is the time interval between the moment of emission and the moment of arri-

val of the reflected wave. In view of the existence of dispersion, the velocity for

each frequency in the ionosphere will be different and will vary with the variation
of the ionization density, For this reason the true height h wiil differ fram the

height h8 termed the effective height, and mst be calculated by the formula:

h

h
B=r, 4 { udt=th,+ [ an, (7.5
J _

8 surface and
is the velocity of Propagation of the waves in the ionosphere layer

By means of appropriate tz-anarormations, equation 7.8 is brought into the fol- |

i
:

4-0
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Since Wy is an arbitrary variable, 1t may be taken as equal tow 3in @, i.e. k
w, == wsing, (7.5

and in that case
h =

where hg is a function of w sin @. Consequently the true height is rumerical e-

qual to the area between the curve hg = f(9) and the axis of abscissas. Since the
photograms give us hg as a function of w, it follows that to find h8 as a function
of ®, must be calculated by equation 7.9 for the given frequency w and for various
values of wy , and the values of hz corresponding to the values of @ must be found
from the photogram, and this will in fact give us hg as 2 function of o .

If we now construct a graph of hg against @ and integrated by a planimeter, we
shall find h for the given frequency w.

Observations of the reflections of the radio waves by the critical frequency
method, that is, the determination of the frequency at which the reflected wave van-
ishes, have allowed the existence of three ionized layers at mean heights of 100,
200 and 300 km to be established. These are termed respectively the E,Fy =and F2
layers.

The critical frequencies corresponding to these layers depend both on the lati-

tude and longitude of the place and on the solar activity and as well as the solar

~altitude. Table 22 gives the values of the mean anmal critical frequencies at noon

.- when the critical frequencies are at maximum, as well as the mumber of sunspots in

the respective years.

The frequencies are expressed in megacycles and are given for various points of
~~the earth, as well as for various epochs within the limits of a single cycle of

) ““solar activity.

As indicated by the Table, the critical frequency, and consequently also the

£ '.1_”..,._____ e
|

-

4.

|
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ilonization density in all layers increases with the solar activity and with decreas-’

i
ing latitude of the places. f
Table 22. :

]

Mean Anmual Critical Frequendies and Number of Sunspots.

l | H ] . i
i Latitude | i | 1Cratical fre
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In exactly the same way, the ionization of the Py and E layers, as shown above,:
B depends on the zenith distance of the sun, and therefore has a diurnal and seasonal

march. Thus, in the course of a day, the ionization increases from midnight, reach—

:Lng a maximum at noon, and then symmetrically declines to reach a minimum at mid-

night again.
) The Fl and B layers are observed only in the daylight hours and at latitudes

-’:,twhere the zenith distances of the sun is less than 70°, At great zenith distances,
-+i.e. in the evening and night hours, and also at high latitudes, the Fl layer disap—

pears, and merges with the Fp layer.

,1 The region in which layers are observed is termed the F region,

—
54 —4—~—-——8y-ud.ng— equation- 7.6 and -the data of Table 22, is easy to obtain the wvalue of |
Sﬁq.t.hn donization density in the E, Fj and Fy layers. Thus, if the ionized particle is
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_ considered to have the mass of an electrom, then its mean ionization is of the ordé}"i
i
’N =1.5x 10° for the layer; N = 3.0x 10° for the Fl layer; and N = 10 x 10% for ;

‘the !'2 layer.

July 6, 1937
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Fig.lOh. Photogram of Height~Frequency Characteristic with Reflections

from B and F layers.

The fact of double refraction in the Fy and F:, layers and its absence, in most
7 cases, in the E layer is of importance, for it gives us grounds to held that the Fl
and F, layers consists of electrons while the question of the composition of the ion-
ized particle in the B layer still remains open, since double refraction in the ‘
layer is met very seldom, excepting in the high layers.
Pig.104 shows a typical photogram of the height-frequency characteristic with a:
7 reflection from the E layer, and from the Fq and 72 layers, obtained by means of an :

autauatic record of the reflected waves of various frequencies. The frequencies are,

p].nrbt.ed along the abscissa exis in megacycles, and the effective heights in kilo-

msters on the ordinate axis. As will be seen, the low frequencies are reflected

54 M~Mr—!=ayor— at-a height of the order of 100km (the E layer); at a troqun-\
géz}v_nf»ahmtmvxzwm,uthcﬁon is interrupted and begins again from a higher ].q“
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_ er at a height of about 150-160 km (the Fy layer). With increasing frequency, the |
height of the layer increases, and at a frequency of about 5000 KZ a new reflection_
At a frequency of over

corresponding to the Fp layer at a height of 280 km, begins.
6000 k2, the height of the layer increases sharply, and the curve, by bifurcating,

" moves upward into branches, and the reflection stops.

_ Height in km

h resi;.‘/‘l.’/

+
'
A

— d - n
2 srape in =T
« el ‘!“0000 6calco Number of electrons per cn3
Fig.105. Density of Ionization at Various Heights, and the Paths of Rays

of Various Frequencies.

1. path of waves of medium frequency; 2. path of low frequency waves;
3. path of high frequency waves.

The bifurcation of the curve corresponds to the reflection of the ordinary and |
_lextraordinary wave. The upper, fainter curve is the result of being twice reflectod;

|

[voriing up a photogram, and indicates the paths of rays of various frequencies emit-)

s o

Fig.1l05 gives a graph of the ionization density against height obtained by

_17
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ted from one point of the earth's surface and received at another peint. i ,
4. Composition of the ionosphere and formation of ionized layers. On the b&si_%
of data on the spectra of the aurora and luminescence of the night sky, it will be f
assumed that at heights 100 - 120 km (the E layer) that the ionosphere consists of'#_
molecular nitrogen N2 and molecular oxygen, Os. Above 120 km, the dissociation of
‘the oxygen begins, and in atomic oxygen, Oj, begins to predominate in the ccmpositioﬁ
of the ionosphere. For this reason it is usually considered that the E layer con-
sists of ionized nitrogen, Ny, when it bifurcates into two layers, layer Fy consists
of Ny while layer F

2
gins and atomic nitrogen, Ny begins to play a role.

consists of O3. In higher regions dissociation of nitrogen be-

An entirely definite energy (the ionization potential) is required for the ioni-
zation of oxygen and nitrogen molecule or atoms. This energy has the following val-
ues expressed in electron volts (leV = 1,59 x 10~12 erg):

gas °2 01 N, H1
energy 12.5 - 13.5 15.8 14.5

This energy may be obtained from solar radiations which consist of two forms:
corpuscular and waves. The role of the corpuscular radiation, however is very insig-
nificant and is manifested only at moments of enhanced solar activity. On normal
days, however, as shown by research, the principal ionizing factor is the wave radia-

tion in its shortwave portion. Indeed, from the condition that the energy of a light

Quantum R must be not less than the value of the ionization potential above zentioned,

it follows that ionizing radiation must have a wavelength between 850 and 1000 A.
Alongside of ionization the reverse phenomenon also takes place, namely the re-
o eombination of ions, which proceeds faster the greater the density of the atmosphere.

A V}t a height of the order of 100 km, the equilibrium state between the processes of |
) ..,Lonization and recambination is rather rapidly established, and therefore the density

i

~6f ionization (the mmber of free electrons per c¢) at these heights must be a func~
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_mosphere, there is a lag in the processes of recombination, as & result of whichmt—ﬂ;

jonization 1is shifted in phase with respeat to the solar altitude.

R

1
|
!

Since the density of the atmosphere decreases with increasing height, while the
jonizing radiation cannot penetrate jnto the low layers, the ionization density must
reach a maximum at a certain height, jeading to the layered structure of the iono-
sphere. The existence are not of a single layer but of several, is explained by Lheg
complex composition of the atmosphere and by the different height distribution of H
different elements.

The principal ionization—recombination ecuation determining the state of the

ionosphere has, as is well known, the following form:?

.

g:?f =q—q, ’ l?; 10)
vhere n is the density of jonization, g the rumber of electrons newly formed per
second under the action of the ultraviolet radiation, and q' the number of electrone
recorbining per second.

Obviously the value of q is proportional to the intensity of the incident mono-
chromatic radion W, that is, to the quantity of energy passing per second through 1
cm? of surface and normal to the radiationm, and to the rumber of neutral particles ,
n - ng, and is inversely proportional to the quantity of energy L) which is necessary

for a single event of jonization, i.e.

w
L g=3(n—n) =, {7.11)

_mhere T is the coefficient of photwbgorption, n the rumber of neutral particles

.

"_Jper ce in the un—ionized atmosphere, and Ne the number of electrons per cc,

131

. The mumber of q is prOportional both to the mumber of electrons Rg and the mum—
S0
of positive lons B, i.e.

<,

g =1n,n,,

re x 4is the cc;efficient of eloctronicv ;écmgm;.ion.

76 e e

54 e i v

19
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Since ng=n,, then

q =ant.

equation 7.10 may thus be written in the form

dne —_ ’
< =9—an. v (7.12)

In addition to the direct processes of photoionization of electron and of their:
recombination, a considerable number of other processes must also exist, as a rasult‘
of which electrons appear and disappear; they in these processes include: the ad-
hesion of electrons to a neutral particle, leading to the formation of negative ion;
the separation of electrons from negative ions; and the recombination of ions. In ‘
reality, therefore, eguation 7,12 is more complex in form, but, as shown by calcula-
tions, it may be brought into the same form 7.12 if alpha is taken to mean a certain
effective coefficient of recombj‘nation depending on the coefficient of adhesion,
separation, and recambination of ion.

Ya. L. Al'pert gives the following values of q, ng and alpha for various layers
of the ionosphere:

Iayer E in summer Fl in summer Fz in winter

n, (electrons) per cc 1.5 x 107 3 x 107 2.5 x 108

a (cc/sec) 1078 3 x 1079 1.5 x 10710

q 200 300 800

These values relate to a time close to noon, to maximum solar activity, and

A;neasurements in the middle latitude of the northern hemisphere.
To find the height of the layer where jonization is maximum, let us now return
Jt.o equation 7.11 and substitute in it, for the quantity W, the intensity of radia-

tion beyond the boundaries of the ionosphere. For this purposs, let us consider the‘
pauage.n.t radiation at the anglez to the vertical through a. plane layer of.at. af.-

LLEE P NEIEN A ——

The lossss of energy in this case will be
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dW = z(n—n,) Wseccdh.

On integrating this equation betwsen the limits from height h to infinity, we

obtain:

? o
—3ssecz{{ndA-{ n, dn
W= Wee At e

If we substituted this value in the equation 7.11 we have

< o
""“"[I nwdh—{ "_ dh|
3 h -
. (7.13
The integrals in the exponent of the power of e represent the total number of
neutral particles and electrons in a column 1lsq em? cross section extending in

height from level h to infinity..

The maximum number qp and the height hy at which this formation takes place the
finding of the maxdmum rumber qn and the height hy at which such formation takes
place is very much simplified if it is assumed that the layer is almost un-ionized,
i.e. if we neglect the value of ng.

In that case:

)
. ~3seczfndh
q=73— e h
= -

¢ T I,
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@

.in which the constant a has the value: o

2g
L '

a ==

E
. ’ !

where j3 is the molecular weight of the gas, R the gas constant, g the acceleration
of gravity, and T tne absolute temperature.

l The height hy at which q reaches its maximum value, is found from the equation '
dg

-dT — 0.

This equation gives

(7.15)

It follows from ecuation 7.15 that at this height n takes the value:

a
N, = ————
*7 r3ccz®

on substituting the expressions for hn and ng, in equation 7.14, we obtain the value
of the maximum of q:

a ¥

e
o, e3ecz

qm=
Equation 7.16 shows that the maximum formation of photoelectrons at a given
7 zenith distance z is determined by the value of T and the molecular weight 1 of the
ionized gas, since the coefficient a depends at constant temperature only on 1.

To find the height hy of the ionized layer at which the maxdimum formation of e—

1ectron Gy takes place, the term containing n, in equation 7.13 must also be taken

' i S
_Anto account. In that case the condition of the maximum EY 0 yield:

én  On, v
TR R = —sin—un)tsecz,

whence as it is from this that we find the value of !*
But the max!.mum' - Mnn-berrﬁof”éi;crf;rma formed 1is st:‘lil”insuf‘ fici:eni.'. fo;' th: appu WM;
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ance of a layer with maximum electron density mg. For this it is necessary' that‘.wf:}:e_;

in reality does not exist.
To find the height of the layer the maximum density of ionization it is neces-

sary to solve the equation 0 with respect to h, but for this we must know the

function of ne, and this is found from the ionization-recombination formula of equa—‘i
tion 7.12.

Tt must be borne in mind that the maximum ng must not by any means coincide
with the maximum of q.

But the solution of equation 7.12 meets with difficulties, since up to now the {
numerical value of the coefficients characterizing one process or another of ioniza-
tion and recombination has not yet been established. As exactly the same value of
the coefficient T has been established on the basis of quantum calculations, only
for atomic oxygen Oj.

5. The conductivity of the ionosphere.

Thanks to the presence of free N ions in the atmosphere, it becames electrical-
1y conduct.iw.e, and by the electronic theory, its conductivity, Y , is expressed by

the relation:

*--‘*’m 7.17)

where 1 is the mean free path of a particle, ¥ the mean velocity of the thermal mo- |

 tien of the particle, and B its mass. But if the ionized layer is in a magnetic

80

' -Jthe conductivity v’ now becames equal to

_'ffieln then the conductivity in the direction of the field H does not remain the

_..same as in the absence of the field, and in the direction perpendicular to the Iield,

(7.18) V Jl

.
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‘where r is the radius of eddying vertical motion of the electrons about the lines of

force of the magnetic fields H, determine the equation

me -
= ga- (7.19)

i
i
|
i
H
i
'
{
1

The mean free path of & molecule is determined, according to the kinetic theory of |
gases, by the relation
1V 2zndt=1, .29
where n is the rumber of molecules for 1 ec em> and d the diaieter of those mole-
cules.

Table 23 gives the values of n and 1 for various heights, calculated from equa-

tion 7.20 and the barometric formula 7.15.
Table 23
Number of Molecules and Mean Free Path at Various Heights
h, km 60 100 140 200 300
n 9.9 x 1085 1.6 x 10 4.4 x 10" 2.5x 108 7.7 x 10%
¢ 1, em 0.03 1.5 57 10! 107
‘

The radius of vertical motion of the electron depends on the magnitude on the
magnetic field strength, and therefore, for particles of the moving at the same ve—
locity, they will differ at different latitudes. It takes the greatest value at the
magnetic equator by H = 0.3 Og. Therefore, for electrons on the equator, r = 1.3 cm
while for ions r = 20 em.

Consequently the ratio 1/r for electrons takes greater values for height over
100 km, and for ions, for heights over 150 km,

¥ Table 24 gives the values of the specific conductivities of various layers,
-“;calculatod by formilas 7.17 and 7.18 in the CGSY system.
It was assumed for this calculation that the velooity of thermal motion of ll

‘pnrbiclu v corx-esponda to the absolute t.c-neuturo 7= 360° which, as ahoun by mJ

]

84
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‘ , dio meesurements, the E layer does have.
A
i Table 24

Values of the Specific Conductivity in Various Layers

!

' -
pe i ;

- ~
. ey ‘ .y ' ’:O‘L ' h

: 1 |
057-10% 13,66-107"" 1.95.107%0.83. 107 as2. 107V

'
CE . I .
Fiool 16-10%] 33107 248-107" ~107% | ~107%
Feo -} 64-10%] x2.-z.xo‘“| 91107 ~ 107 | ~ 1073

At greater heights the temperature in all probability is higher, but the expen-
 mental data on the temperature of the upper layers is still inadequate, and there-
fore it has been taken at one and the same for 21l layers. This temperature corre-
‘sponds to a velocityv = 6.8 x 106 cm/sec,
V 6. The sporadic layer.

Besides the E, P. and Fy layers a layer is often observed at the height of the

1
E layer with a critical frequency exceeding the critical frequency of the E layer,
i and sometimes even the critical frequency of the Fp layer, which points to the ex-
istence of reasons with an enhanced degree of ionization in the E layer., Since this
,‘ layer is not found everywhere, nor is found at different times of the day and year,

i

- it has been termed the sporadic layer or E‘ layer. The sporadic layer has been

50

V:;‘found to appear most often in the middle and high latitudes and to have a local
EET

«ichamcter. In the middle latitudes the B' layer appears more often in summer, from

- IMay to September.
48

Observations show that the waves reflected from the sporadic layer contains

both an ordinary and an extraordinary wave. This gives grounds for assuming that

. i
the sporadic layer has an electronic structure, but the nature of its origin has not

T
”"lyet been elucidated.
1

56
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7. Tidal phenomena in the ionosphere. Cbservations on the reflection of r>adwio§

“,signals from the E layer have allowed the establishment in this layer of the exist-.

3

i
i
i
i

jence of semidiurnal fluctuations at height corresponding to the tidal phenomena

..caused by the moon. The amplitude of such fluctuations, as shown by the'observa— ) ,
i,:ft.ions, reach lim , and the maximum occurs 3/4 hour before the superior combination |
‘ vtof the moon, as will be seen from Fig.106, which represents the results of direct

|
P

— =
AN

j

Lunar time

Fig.106. Semidiurnal Fluctuations of the Equivalent Height of the E Layer.

observations of the fluctuations of the E layer.

On the earth's surface tidal phenomena of the atmosphere caused by the moon are

also observed, but these phenomena are manifested in the form of semidiurnal fluctu-

“.--ations of the atmospheric pressure p with amplitude of about 0.0000115p .

I1f the fluctuations of height in the E layer with amplitude Ah = 1km are con-

verted into fluctuations of pressure, then, according to the barometric formula of
*!-jequation 7.15, we obtain
N 3p=—paik=0,08 p,

~1.e. 7000 times greater than the reiative fluctuations at the earth's surface.
50::{ Recent investigations show the existence of such fluctuations not only of
height but also of the critical frequency £, i.e. the density of ionization. Fig.
107-shows-the—semidivrnal- $idal-fluctuations of the squivalent height and criticel—

“tmh_uulz.,hymmlt will be seen.that the amplitude of the fluctuations —|
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" of plane waves in a medium with a certain coefficient of refraction,

prrant T i

o The sxistence of fluctuating motions in the ionosphere is very important for _.|
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of height in the F, layer are twice those 'in the E layer, and that in general, as >1 ;

: {
~shown by observations, the amplitude of bath Ah, and Af increase with the height of_g
"“ithe layer. ;

!
1
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Lunar time

Fig.107. Semidiurnal Fluctuations of Equivalent Height in the E Layer and
of Critical Frequency in the F, Layer.

1. fluctuations of the height of the layer; 2. fluctuations of frequency.

The lunar tidal motions of the atmosphere may be regarded zs the propagations

If such waves

....at a certain height, meet a region of the atmosphere where the index of refraction

s equal to zero or has become negative, then these waves will be reflected, and an

oscillatory motion will be set up between the earth's surface and this region. The

ii;region of the temperature maximum, at a height of the order of 15 - 30 lm is believed

Ato be such a reflective region for oscillations at the earth's surface. ,

third region at height 140 - 160km , and the fluctuations here take place bstween
the--second-and—third reglions.

87
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‘ .:the construction of the theory of the diurnal variations of the magnetis field of

i
o {
" 'the earth, since one of the possibilities of explaining such variations is the mo- §
" "tion of ionized layers in the earth's magnetic field. |
y !

|

Section 2. Theories of the Diurnal Variations.

The existence of the conducting layers of the atmosphere at heights of 100 to
300 km gives ground for asserting confidently that cause of the diurnal variationms,
and, in general, of all the magnetic varia.tions, are the electric currents in these
layers. But to explain the causes of these currents we still have no well estab- )
lished fact which would allow us to take one explanation or another and consider it

_correct. All the existing theories of the diurnal variations thus reduce to a choice
of the mechanism of the origin of the current, each of which ;nay claim a more or
less degree of authenticity.

Up to now there have been three principal theories of the diurnal variations:
the theory of the atmospheric dynamo proposed in 1872 and worked out in detail some-
what later (1889), the diamagnetic theory (1928), and the theory of drift currents
(1929).

Recently, in connection with the work of I. Ye. Tamm (cf.infra) the diamagnetic:

. theory has already lost its importance, while the theory of the atmospheric dynamo,
as a result of the periodic motions movement discovered in the ionosphere, has ac-
. ‘quirsd a higher degree of credibility.
The theory of drift currents, thanks to the same work of 7amm, has found justi-‘
: ‘;‘T.t‘ication and may, on the same level as the theory of the atmospheric dynamo claim a
',;jcerbain standing of credibility. It is therefore necessary to dwell on each of ‘
:these theories and to point out their shortcomings.
_ 1. The theory of the atmospheric dymamo. This theory, proposed by Stewart
:Slmster (Bibl.55) is based on the principle of the induction of electomotive force

on--the. motion-of a conductive in the earth's magnetic field in a-manner similer teo-—

uhat takes place in a dynamo, and for. this reason the theory is called that of-the—|
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follows that when they move in the magnetic field of the sarth H, an electric field
" perpendicular to H and to its direction of motion is produced, and its strength is
' __determined by the Faraday law:
' ' E = luHj,
fwhere u is the velocity of motion of the ionized layer. Under the influencs of the

field E a current whose direction is perpeandicular to u and E horizon in the atmos-

phere, while the density J is determined by the equation

i=YE,
where y' is the conductivity determined by equation 7.18, since j is directed per-
‘pendicularly to H.

By substituting for Y' its value taken from equation 7.18, we obtain:

Ne2

{

i= {uH].

Shuster assumed that the velocity u was due to the horizontal displacement of
the upper layers of the atmosphere under the influence of the diurnal fluctuations of
_. atmospheric pressure observed on the surface of the earth.
Barometric observations show that the pressure has two fluctuations during the
..course of the day: a regular one with a semidiurnal period and an amplitude of lmj
_ Hg and a less regular one with a diurnal period ‘and an amplitude of O.3mm. The
_ causes of these fluctuations may be either the tidal or the thermal effect. The air'
mcu.rrents leaving the high pressure regions located in the meridian at the equator,
“__Iorm electric currents of the same character, as shown in Fig.73. During the day-
time the currents moving northward in the vertical magnetic field z , create currents‘

directed westward, which as a result of the reduction in conductivity in the atmos-

,(Jflinml variations of the magnetic field.
20
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Investigations have shown that the electric currents obtained 23 a result of t‘xé

';notion of the atmosphere owing to the diurnal variations of barometric pressure, a.l-g

though they do in their character coincide with those calculated on the basis of mag<

i
netic observations, are still markedly different from them in phase. Thus the ex- “

}.reme values of the northern component are observed from 10 to 11 hours {Fig.69)
”‘:‘while according to this theory they should occur betwaen 14 and 16 hours.

Such a disagreement may be explained by the horizontal displacements in the up-!

per layers due to the fluctuations of the barometric pressure are assumed to be the
__ same as the displacements observed on the surface of the =arth, which might not in
reality be the case at all.

The contradiction with theory was found in the value of the conductivity. If
the velocity u is considered a consequence of the diurnal barcmetric fluctuations,
the amplitude of which amounts to 1 mm, then for the equator it should have a value
of the order of 30 cm/sec.

On the basis of the current distribution map (Fig.73) the strength of the cur-
rent flowing through a cross section of the layer 1 cm wide and with the width equal
4to the thickness of the layer is equal to 3 x 1070 CGéP, while the vertical component
_of the magnetic field Z at latitude 30° equal to 0.3 Og, and thus the conductivity of

. a vertical column of the icnosphere 1 em® in cross section and with the height equal

to the thickness of the layer is determined by the equation:
3.10-8
T=W=3 - 10-3 CGSp.

The thickness of the B layer is of the order of 50 km and therefore the specifie

onductivity of the E layer should be ‘
v~ 10-1t CGSp.

On comparing this value with the values for the conductivity in Table 24 we ses.

that they a_g—xz'eﬁyl}tnll the__v{ilup of the ionic conductivity, but are a thousand times ‘

e s

56.1‘“11‘" than the electronic conductivity. For this reason, in order to reconcile ti
= nan LhS ST T ; . o T et
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. theory with the observations it would be necessa
C

"a predominance of jons in theE layer, or the existence of velocities of di:placemenﬁ

of the ionized masees of the atmosphere that are many times as great as the veloci-

ties observed at the surface of the earth (30 cm/sec).

i
¢
t
i

At the present time neither of these possibilities are excluded, since occasion—%
'al]y we do succeed in observing the splitting of a reflected ray in the E layer irxf,oi
two, an ordinary and an extraordinary, with a frequency difference corresponding to A
the ionic nature of the layer. But the existence of fluctuations of pressure in the:
E layer 7000 times as great and the fluctuations at ¥ the surface of the earth give
grounds for considering that the velocity of displacement must also be many times
" greater than 30 cm/sec.

2. The theory of the drift current (Bibl.56). According to this theory the
charged particles in the region of long free paths, moving in the magnetic and gravi=
tational fields of the earth, must experience a translatory motion (drift) in a di-
rection perpendicular to the force of gravity =& and to the magnetic fieldH. The

velocity of this drift would be:

(T.21

where @ is the angle between H and the force of the gravity, or the verticale. Here

Hande must be expressed in absolute electromagnetic units.

Since the magnetic field of the earth may be considered in first approximation
) " as the field of an elementary magnet, its field strength Hmay be represented in the:
.. :,A;Eonn:
e H=H,} 1433, (7.22)
4 )

:fyhsre Hy is the field strength at the equator and 9 is the latitude.
0

-
5

— Moreover, for an elementary magnet the following relation holds true:
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For this reason, expressing sin ® in terms of tan ¢ in eguation 7.21 and subsgﬂ-

‘tuting tan ¢ according to the following fcrmula, we shall have:

me cos p

U= =

eH Vi=3-mg
"On substituting for H its expression in equation 7.22, we obtain:

me €os 7

@ == —
eh'o 1+3sm’p

Thence the velocity of drift of the electrons at the pole, Yo = 0, and at the
equator u, = 1.21074 em/sec, while the drift of the ions of the atmosphere, the mass’
of whichm = 5 x 10™23 grams, is zero at the pole and 10.2 em/sec at the equator.

The current density is obviously expressed as:
f

€Os 2
T3y CO5™

Since both electrons and ions participate in the formation of the drift cur-
rents, it follows that if the mumber of ions is considered equal to the number of e-
lectrons, and the density of ionization in the upper layers N = 10-6, we have for
the density of the drift current on the equator the value J = 1.7 x 10_:L3 CGSn.

Such a drift, or, to put it differemtly, displacement of charged particles,

produces a current in the direction from west to east, since the magnetic field is

directed from south to north. The drift of positive ions to the sast causes the ac—
) cumlation of positive charges on the morning side, while the drift of negative ions
‘7 :causes their accumulation on the evening side. As a result, in the region of long

- Efree paths an electrical field arises which is directed toward the west and which,

— howe'ver, may be electrically connected with the lower region of short free paths,

4since the ions may move freely under the influence of the force of gravity along thd

lines of force of the magnetic fields, especially around the pole. For this reason,

in the lower part of pnrt.s curronts ariu which with a comapond:lng distribution ot{

activity may fom a systm of currontl ahlihr to the one shown in Pig.73. ‘l'ho ca.L-
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. netic theory.

.aponfiing to the calculated system of currents shown in Fig.73 indicates that the

conductivity may be considered considerably lower than that required by the diamag-

" forenoon extreme extremum of the northern and eastern components, and also in ex-

[l Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

culation of the concductivity necessary for the formation of drift currents corre-

The theory of drift currents, however, encounters obstacles in explaining the

plaining the intensity of the observed variations, In addition some authors have
expressed doubts that drift currents could lead to the formation of so complex a

system of currents as the theory requires.

I. Ye. Tamm (Bibl.57) who has given a criticism of the drift current theory and

for the first time pointed out the complete unscundness of this theory if we start
out from the same propositions that were established by Chapman. According to
Chapman's belief, in an equilibrium system, ionized gas consists of an aggregate of i
ions which are free and independent in their motion and which may, in the absence of
a magnetic field, fall downwards under the action of the force of gravity. In real~
ity, however, in the equilibrium state of the atmosphere, the own weight of the ions

is balanced by the partial pressure of the ion gas pt which is defined by the equa-

-tion

P = kTN,

--where ¢ is the absolute temperature, N the density of ions, i.e. their nmumber in u- :

nit volume, and K is the Boltzman constant. For this reason, in the equilibrium
state of the atmosphere, when the density of the ion is determined by the barometric
rommla there can be no drift, and, consequently, the Chapman theory, just like the
diamagnetic theory, is a simple misunderstanding.

But in this same work, Tamm also pointed out. the possibility of retaining the l
drift current theory explains the diurnal variations if we start out not from the

equilibriwm condition of the ionosphox‘c, but trom the existence in it of a "nomuni-

roved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0




g s

ized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

barometnc formula, Such a distribution, in Tamm's opinion, correspords more towt_ﬁ;—‘;
+
real conditions of the state of the ionosphere, which also makes possible the exist-!

!

) ence of drift currents analogous to those of Chapman. Tamm gives a derivation of th?
: formula for the density of the drift current on the basis of 2 statistical model ofAi
) the ionosphere obtained by solving the Boltzman kinetic equation. Since in its gen—§
° eral form the Boltzman equation is very complex, Tamm introduced two assumptions to

simplify it: first that the distributions of ions and electrons by velocities in

each element of volume of the jonosphere differs 1ittle from the ¥axwell distribu-
tion corresponding to the temperature T, and secondly that the ordered motion of

jons of the atmosphere is quasi stationary, that is, at each given moment the motion

"is determined by the instantaneous distribution of the ion density and the tempera-—

ture, as a result of which the derivatives of density and temperature with respect
to time may be neglected and the density and temperature considered assigned func-
tions of the coordinates.

Under such assumptions, the kinetic equation of the stationary motion of each

species of ion will have the form:

vyradf+ (g -'—-:; E+’:—clvﬂl\) crad f = Pf, (7.23)

" where v is the velocity of motion of the ions, & the acceleration of gravity, E the
_ electric field strength, H the megnetic field strength, e/m the charge-ratio, f a
_ function of the distribution of ions, which differs from the Maxwell function by the

small quantity @fq, i-ee

f=f0(l +7"f‘l

— ”m
=%T*

cunt of the collisions betwssn the ions themselves and \

md botwom ions and noutml molecules, is asamnd to be proportioml \

et
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[ . . . e
_Jto the deviation of the distribution functionf from its equiliber:

v e o,
Pf=— T (f—fp=— £ fon
lfw!’i'ex‘e N is the length of the fres path.

After substituting the valuesf, f, and Pe,y equation 7.23 now takes the Form:

7 e \ °
(—’;'? [vH] grad, 4)—{-{— »=1tvq),

.q= 37 (2a— 3

a=g+= E—5pr

The solution of this differential equation is in the following form:

- X3

. . rs no.
< = oo (?V‘VQD—"—yV Tqu—’:--;-(vqﬂ].

" where q-L is the vector perpendicular to the magnetic field H, e is the vector paral-

“lel to that field, and H is the ratio between the free path and the diameter of the

" circular orbit of a particle in the magnetic field, i.e.

enH

S-‘='-—.'\‘=—-;—__.___.
2r  2c VImeT

The density of the current formed by the motion of charges of one sign is dstenﬂ.neds

_jtby the laws of statistics as:

i=e| vfo(1+4)do dv,do,

Integration of this expression on substitution of the value of @ is possible ont
iy in the two limiting cases when A& 2r or also, when M is »2}. The former case
represents the motion of ions in the lcwor ionosphere, while the second case repre— .
wents that motion in the upper lonosphere.

_For the case AK2r, we obtains
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kN Vw e 2T 20d NV k ’
h=T=7 ¢ =B %" —de)'

N T Im

the case, however, whers X Dar:

bk iy PO et b e ot

iy == H‘. {[{.Ving = NeE — grad (RT.V)I H).

Since the total current density is equal to the sum of the currents of positive:

““and negative ioms, i.e.

- 1"“;.__) E (hegl?)
(7.24)

B [TV o
iv=g ((Nmg—grad (RTN)i H] (A Z5>2r).

v

In the presence of wind, i.e. the motion of the ion with respect to the earbh'si[
" surface with the velocity u, the vector “cn , is added to the vector E in the first
of these equations, while the second equation remains unchanged.
The factor before E in the first equation represents the electrical conductivi-
=i ty of the ionized gas Y and for this reasan the first equation in the presence of '

s i,uind, may be written as followss

. ’ aH; . .
ji=x(E+ = L (h gz 2r).

It is easy to see that if the term grad P' is rejected in equation 7.24, it

i&bhen passes over into the Chapman formula for the drift current at ® =0, but this is

4 G:possible in the case when the partial pressure does not vary with the height. For |

lthe oquilibrium state, howsver, the weight of ions in unit volume N, is balanced by
he gradiant of partial pressure and, consequently tl- 0. i
t.zibutionnt ions in the. mr.;mnnphm_dﬂbu_u_j

stribution that the differencs Npg ~ grad ¢ can
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be distinguished from the first term Nu.
In this way, the theory of the drift currents in its modified form, exactly 3s

;with the dynamo theory, cannot be refuted and must be accepted for the explanation

i
i
1
|

of the system of currents that cause the diurnal variations, but at the same time i{%
still requires further developments, which Tamm himself admits.

It must be remarked that the Tamm theory enables us to explain the occurrencs
of the forenoon maximum of the horizontal component, which the Chapman theory could -
not do. More specifically, although the maximum number and weight of ions in “18
should occur after noon, the maximum current may also occur before noon, since the
maximum of the partial pressure of ions at the upper boundary of the upper ionosphere
may occur after the maximum of the total ionization of this part of the ionosphere.

On comparing these two theories, it mey be said that neither of them explains
completely all observed facts and in some cases even contradict them. But still,
owing to the successes that have recently been attained in the experimental study of
the ionosphere, which have led to the establisiment in them of periodic horizontal
displacemente and of the distance of a system of currents at height 100 - 110 om,
and may be assumed that the dynamo affect undoubtedly plays a part in the formation
of the system of currents causing the diurnal variations. This, however does not
exclude the possibility of the simultanecus existence of the drift current effect as
well, which may also participate in the formation of these currents.

The rapid development of our knowledge of the ionosphere will soon make it pos-
sible for us to solve the question which of these theories is correct and to elimi-

nate the contradictions in them,

Section 3. Basic Propositions of the Theory of the Aurora and Magnetic Disturbance.:

The close connection of the aurora with magnetic disturbances forces us to seek

the causes that might be common to both phenomena. It has been remarked above that i

; ltha magnetic activity that characterizes by which the magnetic disturbances are. -

_."‘cbgrac&erizpd is well correlated with the solar activity. For this reason all proa-
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ent day theories of the magnetic disturbances are at the same time theories of the
aurora as well, and start out with the assumption that their cause is energy mdiateéi
by the sun.

Since the energy of the magnetic «field w in unit volume (ce ) is expressed by
the formula

s

8= -

then the increment of energy dw when the field strength HT varies by the smell cuan-

tity dHT will obviously be

Calculations by this formula give a value of dw = 1075 erg/cm3 for the value
of the mean density of the energy. The total value of this energy Aw, however is
obtained by multiplying its density by the volume of the earth and the space around
the earth, which gives Aw=3 x 1022 erga, The duration of a storm for which the
energy density has been calculated was 28 hours, and therefore, by dividing the val-
ue of the total energy Aw by the number of seconds in 28 hours, we obtain the incre-
ment. of the total energy of the magnetic field of the earth per seconds, equal to
3 x lO17 erg/sec. But the energy received by the earth from the sun amounts to 2 x

1074 erg/sec. In this way, only a negligible portion of the total energy radiated

by the sun is rejuired for the formation of the energy of the magnetic storms.
The reason why this part of the solar energy is converted into magnetic energy
only at certain moments of time is connected with the phenomena in the active re-
. jgions of the sun, such as spots, prominences, etc.

Observations of the sun show that these moments the intensity of the ultravio-

--let radiation is markedly increased, i.e. it is as though the temperature of the sun

were increased. It is therefore assumed that during the periods of increased solar ﬁ

” A
., Tactivity, the active regions, where the sunspots are, emit an intense ultraviolst

i

98
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radiation and at the same time eject a lirte number of charged particles of both
signs, electrons, icns, protons, and others.

Thus, for example, if C.00CL part of the sclar surface radiated as a black bedy
at absolute temperature T=30.000°, then the solar constant would increase by 0.74 ;‘é,.
‘but the energy at wavelengths 3500, 4000, 5000 and 6000 A would increase respective-:
1y by 3.2, 1.7, 0.75 and 0.032 4. This additional energy would be entirely suffi-
cient for the formation of the magnétic storms.

The repetition ol magnetic disturbances at intervals of 27 days, egual to the
period of rotation of the sun about its axis, furnished reason to assume that the
radiation of the active regions takes place either in the form of a narrow beam ro-
tating together with the solar disc, cr in the form of a periodically acting wide
beam. In this case it must te recognized that it is mainly the corpuscular radia-
tion of the sun that participstes in the formation of the magnetic storm and the au-
rora, although attempts have been made to atiribute them mainly to the ultraviolet
part of the solar spectrum. Such attempts, hcwever have not led to positive results,
and therefore the theory of the aurora based on the ultraviolet radiation of the ac-

tive regions of the sun has at the present time lost its significance.

Section 4. The Motion of a Charge®* in the liagnetic Field of the Dipole.

The fact that the aurora takes place mainly in the high latitudes close tc the
magnetic pole, and the direction of their streamers coincides with the direction of
the lines of force from the earth's magnetic field, forces us to seek the cource of
the aurora in the motion of charges in the high layers of the atmosphere under the
action of the earth's magnetic field.

Leaving, for the time being, the question open as to how and whence these

" ..charges appear, let us consider the motion of the charges in the earth's magnetic

. . !
.. MZAEYAD  charge, used in this section in the sense of "charged particle"”, Transla- '

i
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field, having the initial velocity v, under the assumption that the charges do not

interact with each other. In this case, the problem reduces down to the considera-

tion of the motion of one charge, an electron or a proton. The solution of this

problem given by St¥rmer (Bibl.51) at the beginning of the present Century, consists
in the solution of the differential equation of motion of a charge in the inhomoge-
nous magnetic field of the earth, taken as the field of a dipole.

The equation of motion of a charged particle in the magnetic {ield has the

form:

» _ == {5’:-: ],
where @ is the charge of the particle, m its mass, and r the radius vector produced
from the crigin of coordinates.
If the origin of coordinates coincides with the center of tre dipole, and the
axis is directed along the axis of the dipole, the magnetic moment of which ism, |

5

then the field strength H is expressed as follows:

3.3 hyl

H=—"r—=>=.
~ rt

As a result of this, ecuation 7.25 takes the form

Introducing the new variable ds = vdt, where v is the velocity of motion of the

charge and denoting Me/mev = k2 , we obtain the following three equations scalar

form:

e s s oo
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P

in exactly the same way, multiply this first ejuation by y and the second by x and

subtract one from the other. As a result, the equations now take the following form:

Project the vector r on the plane Xy and denote its projection by R. Then
== RC-’)S?, V=Rsin =,
where @ is the angle between R and tre x axis (Fig.108). 3By differentiating this ex-
pression with respect to s and performing the subtraction and addition of the deriva-

tives, then, after multiplying them by y and x, and then by x and y, we obtain

dv ,dx > d7 . dx , 5
EIR =R Ty E=RE

Cn differentiating a second time with respect to 8 and performing the same op-
eration of subtracticn and addition, we

shall have:

d-'.
ds \Hl

n )

The constant k may be taken as equal

to unity since it is equivalent to all

langths being measured in unitsk.

On s\;bstituting these values of the sums and differences in oquation 7.26 and
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setting k = 1, we have:

R iRV pd3F—r 43
do-'—R(cTs_,)—R o ds’

O pe O3\ __3zR® Oz 22t —r: OR
s RE) =TGR
az

3z 3
—— = — 2 _T
ﬂaﬁ1r-'-R s

Remembering that r2 = R2 + 22 , it is easy to stow that the fcllowing equations
hold:

a ( ] a (R 3L —r
- - =R —_—

éz B P, (7.2%)

The second equation of the preceding system is thus brought into the form:
.‘"_/Rea_;\=____a_ R\ dz 3 R\ OR oo
Ss\ esd oz r"/ds—éﬁgﬁl) rra (7.29)
or, after integration:
? 7 REY
as h-=) (7.30)
where Y is the integration constant varying within the limits from - ootO + ooe
Cn substituting the derivative dpd & in the first and third ejuations by the sys-—

tem 7.27 we obtain from egquation 7.29 and 7.30

(7.31)

Further, sinceds is an element of the arc of the trajectory of the particle,

Ethen, by using its expression

1
ds? = ¢R 4 d2? - R i,
|

4

1
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—

1— R 932 GR 2, oz

.08 os, v 'ds)e
or, substituting d@/ds from equation 7.30:

‘OR 2, roz e ‘2 vi>z_p
R F) =N

voes, T Tos s =1 -2 (RS
It is not hard to show that the righthand sides of equation 7.3l represent re- -
spectively the partial derivatives with respect to R and z of the fanction Q, sepa-

rated into two, and thus the system of equations in equation 7.27 may be replaced by

the system:

(7.33;

17,343

Consequently the integration of the system of equation 7.25 reduces down to the
integration of equation 7.33 and 7.34.

Equation 7.33 shows that they determine tie trajectory of the notion of a charge
in the plane passing through the axis z and the radius vector R. The ejquation 7.34
Lowever determines the rotation of this plane as & whble about the 2 axis.

Thus the problem of determining the motion of a charge in space reduces to two

problems: determination of its motion in the plane zR and of the rotation of this

plane about the z axis.
However, without solving the problem, but merely using the properties of the
j;t‘unction Q, it is easy to find those regions of space in which the charge may move.

Since, according to equation 7.34, Q cannot assume negative values, the coordi-

Hi N
jnates of the charge must always satisfy the inequality:

.
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-

s - —

all ttre eguation

2y

= -i—% =p, (7.3%)
where p is a number less in absolute value than unity.

Consequently, for each value of the arbitrary constant ‘(k there exists a region;
of space bounded on one side by the surface obtained by the roration of the e dee
fined by the equation

2'“- . R
R

_?.:1.

and by a similar surface defined by the equation:
P R
R‘ += F==—1
this space, out of which the charge, at a given value of Yk’ cannot go, was denoted
by Qy by St8rmer.
The curve defined by equation 7.35 may be represented in polar coordinates if

R = r cos ® is substituted in it and it is solved with respect to r, giving:

r=M :
. pCOS ¢ . (7.36.

St8rmer gives a complete analysis of these curves and the regions corresponding
to them. He reached the following conclusions.

Ir Y >O, not a single charge will be able to penetrate into the region near
the dipole. If YK—1, then for eachY there are two regions in which the charges
may move, one of them laying outside the region of the dipole, so that the charges
arriving from an infinite distance do not reach the dipole, while a second, a narrow

» region, does pass through the dipole. And, fimally, ir—-1< ¥ < 0, then both these

4_' regions merge into one and a charge coming from infinite distance may reach the di-

[pole. Fig.109 shows a cross section of these regions in the meridional plane (the

Wte parts oi‘ the skctch) a.nd those regions to which the charges cannot. penetrate

LA.. Ll
i

1Q,
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promese e

| F1e.109. The RegionQ in which Electrons may Move in the Megnetis Field of
.. %be Barth (not blackened).
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"7 (the black parts).
The following peculiarity attracts our attention: at—1 € y < O, there is a _
itorus-like region around the dipole into which a charge from the outside cannot pene
_ trate, The equation of the meridional curve of this torus will obviously be: -

—u+ VT oty -
<OS - ”

r=

or, since r is always positive:

f=-—%‘—-
nTlbi+cose

-

oy

)

Field Close to the Dipole (regions not blackened).

AR

| e Fig,110 _shows a meridional section of the regions near the dipole. . |

PR S A _consideration of these regions shows that for aurora ohly regions for which |
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“ =1 < ¥ < O are of inportance, since by hypothesis, the charges come to the'eafﬁh"'i

' ffrom the sun, i.e. from a practically infinite distance.

|

|

But for these values of Y the regmns Q make contact with the earth only in a :
1

i

limit.ed part of its surface, close to the norbh and south magnetic poles, as may be |

‘seen from Fig.110. This part of the earth's surface is bounced by a circle which 15

"the result of the section of the surface of the atmosphere by the surface of the

torus defined by the equation

COs* 4
r=~k d

T T ——————— .
1= V1+costs” (7.30

Here the factorfp == He jis inserted so as to express r in centimeters.
' Let this torus intersect the circum-
ference of the upper layers of the atmos-

phere at the point P (Fig.111). Let us

denote the distance from the center of

the earth from the point P by &, and the

I’
angle zOP by ©. Then from equation 7.37
we obtain:
A1 “:‘11 T sin®h) == ksin? 1y,
Fig.111. whence
k?sin2h — 82— 253 —

and, consequently,

sno_‘f__+_

T

Since A is in practice small by comparison with k, we neglect the higher poweré

. sinh = ,/ ) ’ i

St8rmer found that the value of k for the bm-mys of mdim is from 1 h x q
e m - PR

roved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0




Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

to 2.2 x 10° km; for the cathode rays, from 4.0 x 10° to e. 9 x 10 km; and for the
alpha-rays, from 1.4 x LOs to 1.7 x 105 ku. :

Therefore the value of the angle @ will be from 4 to 6° for beta-rays, from 2 tp
‘ho for chathode rays, and from 16 to 19° ‘for alphs rays, that is, the maximum deflé}i;
“tion of particles from the magnetic pole amounts to 19°, while the maximum zone of
'the aurora is 230 from the pole and descends in strong magnetic storms to 300, wo, ;
and even to 500.

This contradiction between the theoretjcal conclusions and the observed facts
may be circumvented if we assume the existence of a circular of a ring current in the

-~

plane of the magnetic equator at a distance of 2 few earth-radii. This current will

" reduce the strength of the earth's magnetic field and thereby will also reduce the
value of k. In strong magnetic storms this current will increase, as a result of
which the auroral zone expands.

Returning to the consideration of the system of equations 7.33 it must be noted
that they are not integrated in simplest functions and therefore require approximate’
methods for their solution. However, without having recourse to their solution we
may still draw certain conclusions as to the form of the trajectory in the meridion-
al plane zR. Indeed, if the variable s is identified with time, then Q will repre-
sent a force (potential) function. For this reason, by plotting level lines Q at
equal intervals on a plane, we can construct the direction of the forces acting on
the charge. It is easy to see that when Y becomes negative, the force is equal to

 zero at the point R = - #, 3 = 0, as well as on the levelled line Q = 1. The point

ﬁ =- - #, 2 = O is a double point of the levelled line. Thanks to such a mechanical

‘ . interpretation, the analysis of the trajectory is considerably simplified.

Between the trajectories in space and the trajectories in the meridional plane :

" :,n, there exists a simple geometrical relation. Let the point M (Pig.108) lie at

!

the same time on the spatial trajectory B and on the trajsctory K in the plane R, !
i

and let the t&ngent N t.o the curve B at point M make the angle @ with the meridiohal
T

JAoe
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plane. In that ccse, it follows from geometrical considerations that

R
T

. o
sm')=R—d§-. OTKY1a s!n'bs%-}-

Consegquently, sin @ is the very same quantity that we denoted by p. Fuz'thex;;"

_.on introducing the function Q, we have:
sinf==>=})y1—Q, cosd=}V0Q.

It follows from this that if the curve k intersects the levelled line Q = o,
then the tangent to the curve B will be perpendicular to the meridional plane. In
this case, since there are always two levelled lines Q=0, corresponding respective-
1y to the values p + 1 and p - 1, and one of them lies within the line Q = 1, then,
on intersecting the line Q = O inside Q = 1 the direction of the charge will coincide
with the direction of the increasing values of ®, while on its intersection outside
the line Q = 1, the motion is oprosite to the increase of the angle®.

However, to find the trajectories of the motion of the charge, besides these
general deductions, St8rmer also redquires the solution of the system of squation 7.33
and 7.324. These solutions were performed by rmumerical integration in the form of in-
finite theories for r and 9.

Thus, for the values:— 1 Y < C and r< 2.2, i.e. near the dipole, the follow—

ing expressions were obtained for r and P:

cos*d 3 1-f. o en. 15
=% t+ITEr '~°$'°'f‘+\"5""1'!--,3\‘03"1--3-%@““',1'-...],

Zd.j..w_ﬂ.gs. 113 and 114 .show a mmber of trajectories coming from. infinity into the |
Séj_{ogumml.yhne.. -Of these, Fig.1l13 relates to cases where Y —1, while Fig.11/ |

209,
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-

rolates to cases where Y ranges from -1 %o -0.5. It will be seen that all trajectors
?ies for which ¥ { —1, lie outside the circle corresponding to Y = —1, while the
' trajectories having C ) Y > —1, penetrate inside this circle and consequently may

approach the dipole.

e ST TR S s 1, < s o

A
(
¢
[
1
]
’
£

Fig.112, Wire Model of Trajectories of Electrons for Various Values of Y.

On applying the results of the mathexi,tical conclusions directly to the aurora °

it ray be said that, besides giving an explanation of the aurorals zone, they also
explain the appearance of the aurora in the night hours, since the charges approach-

:ing the earth bend around it and leave the atmosphere on the opposite side from the

explained; they correspond to trajectories with small values of ¥ or with values

~ifrom 0.93 to 1, which when the tmjectories bend saveral times a.mund the earth.
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Further, the results of these conclusions form a correct interpretetion of tkh‘e“‘-
;radii form of the aurora. Indeed, in the.radio forms of the aurora rapid and con- '
i siderable variations in the intensity and position of the aurora are observed in a
’short time, and especially in the case of drapery. If we assume that the radial
?foms ars formed by a narrow beam of charged particles emitted by the sun, then of
;the entire flux of particles on those which make a definite angle with the directionf
.of the sarth's magnetic axis ever reach the sarth but since the magnetic axis, oxﬂné

to the earth's rotation, varies its direction with respect to the trajectory of the
.~ particles, the direction of the rays also varies, i.e. some rays are extinguished,
while others arise. But the arc-like of the aurora, still remain unexplained by
this theory.
Such calculations, which threw much
light on the formation of the aurora s::,i]_l
scould not cover the whole group of phenom-
’ena observed on their appearance. In ex-
actly the same way they could not give
even a functional comnection between the

motion of the charges near the dipole and

the magnetic disturbances, since they indi-
Fig.113. Trajectory o1 Zlectrons in the

cated merely the qualitative aspect of
Equatorial Flane when Y ~ 1.
this correlation, namely the moving chafges
.must produce a magnetic field.
Since the mathematical conclusions are irreproachable, their failure to agree
) lm many cases with the observed facts is explained by the unsoundness of the lrwpotho-
- sis that the electrons do not interact with each other during their motion.

However, taking into consideration that the trajectories of the charges calcu~

lated by Stﬂmr do in mny respects agrea with the observed trajectories, and in i
i

addition, are confimed by direct expexd.menta mde at various times by various in- _‘]

A1

l
|
1
.}
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vestigators with cathode rays passing oy & magnetized sphere, then, without rejecc-vi

I

ing the mathematical constructions and conclusions it is merely necessary to replace{

the fundamental hypothesis of a uniform, non-interacting beam of electrons by an-

other, which would zllow us to leave the mathematical calculations, on the whole,

Fig.1l4. Trajectory of Electrons when -1 ¢ Y -0.5.

undisturbed, but considerably supplement it, instead of being contradicted, by the

experimental data. The first of tt ese attempts was made by Chapman and Ferraro, and

the second by Alfven.

Section 5. The Theory of Chapman and Ferraro.

St8rmer, at the same time as the solution of the problem of the motion of a

charge in the magnetic field of the earth, attempted also to explain the formation

of charges in the sphere of action of the earth's magnetic field. According to his

;?wpothesis, these charges, of a single sign are ejected by the sun in the form of
iunarrow beams, which, on reaching the earth's magnetic field, begins to move in ac-
condzmce with the conclusions of this theory.

But elementary calculations show that a uniformly charge beam, owing to the e-

Dy

;4,.

5

6‘:_‘{£ram tbo sun, and t.herefore could not under any conditions reach the earth.

”‘1e<.trostatic repulsion of the parbicles, must be scattered soon aft.er its departure ‘

e ey

i
!
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To avoid this diffieulty, Chapman and Ferraro (3ibl.58) constructed a theory onj

the hypothesis of the motion of a neutral ‘beam.

According to their hypothesis, the sun erits a flux of particles in the form o,,

la cylindrical beam consisting of ecual numbers of positive charges of ions and of
negatlve electrons. ;
Such a beam in diamzter of the order of 50 earth-radii, is propagated from the |
sun with a velocity of 100C im/sec, reaching the earth's orbit and intersecting it at
an angle differing somewhat from 90°, since tre particles, besides their longitudinai
velocity, also have a transverse component ecual to the linear velocity of rotation
of the surface layers of the sun. The earth, moving on its orbit, may encounter on
“its path the lateral surface of the cylinder. Since the dimensions of the earth are
small in comparison of the diameter of the cylinder, the lateral surface of the cyl-
inder at the distance of a few earth radii may be taken as a plane, and in addition,
the cylinder may be considered as motionless, and the earth itself as a dipole mov—
ing at a small angle in the direction of the plane, while the axis of the dipole may
be taken as parallel to this plane. Since the medium bounded by the surface of the
cylinder is conducting, it follows that when the dipole moves in it currents arise
which will tend, by Lenz's law, to destroy the magnetic field of the dipole within
the conductor.
In additicn, between the dipole and the conducting medium, mechanical forces of

) repulsive character arise and tend to interrupt to motion of the dipole. Since the
conducting medium is not a solid, but in its character rather recalls a gas, the
plane surface, under the influence of these forces, will begin to be pressed in as

_Mit. approaches the dipole, and under certain conditions, as shown by Chapman, a cavi-~

sy

_..'ty surrounded by a concave conducting surface may be formed around the dipeole.

[
‘-_% Fig.115 shows the gradual distortion of the surface of the cylinder as it ap-

——5proaches the earth and the fomabion of a hollow space around the earth. In this

!case the verbex of the hollow, as wlll be seen from the figurs, 18 t.urned towa-—ds
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the sur, while on the night side there is free space.

If the ionized stream is an ideal conductor, then induction currents will arlse’
only in 2 thin surface layer, and will completely screen the interior of the conduc-!
tor from the penetration of the magnetic field of the dipole there. As a result of ‘

this, the magnetic lines of force in space between ‘

the dipole and the surface are more closely crowded

together and thus cause zn increase of the horizon-
tal component in the equatorial plane, since the
magnetic axis of the dipoles, by hypothesis, is par-
allel to the plane of the conductor.

Such an increase in the horizontal component
———
direction of corresponds precisely to the first phase of a mag-
motiom of the

surface of the .
cylindrical beaw netic storm.

. To explain the principal phase of a magnetic
direction towards

the Sun disturbance, during the time of which a fall in the

horizontal camponent lasting several hours takes

place, Chapman and Ferraro postulated that the free
Fig.115. Section by the

space on the night side might be closed off by ions
Equatorial Plane of the

detached from the surface of the cavity, and might
Cylindrical Beam of Charged '
. form a closed ring current around the earth.
Particles and Formation of a

The possibility of the detachment »f ions and

Hollow Base Around the Zarth.
their closure of the cavity is explained, according

to Chapman and Ferraro by the following causes. On the surface of the cavity, owing
to the deflecting action of the earth's magnetic field, the charges are separated,

‘ »v&nd on one side, as is shown in Fig.116, the negative charges, or electrons, appear,

-and on the other side the positive charges or ions.

The F:lgu.re shows the direction of the magnetic axis of the earth (the plus sisrp

] -Jand the _irection of ‘.',hs earth's movunent, as well as the direction of motion .df thﬁ
J 4 e e s - . e
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o night side of the earth, and under the influence of this field the ions and e¢lec-

trons will be detached from the surface. But a charge detached under the influence

of the earth's magnetic fields would have to move along a circle whose radius is de

f
!
!
i
i
!
i
}

: termined by the equation :
(7380

Consequently the flying charge might reach the opposite side of the cavity if
the radius of its vortex motion r were of the same order as the width of the cavity,:
which, according to Chapman's calculation, amounts to several earth-radii. Calcula~

"tions by equation 7.38 that such a wvalue for the vortical motion at a velocity of
" the charge of the order of 1000 km/sec, could only be rossessed by heavy charged
particles, i.e. positive ions.

The closed mean current around the earth so formed must have the radius of a
ring of the order of a few earth radii and would exist so long as the earth did not
pass through the cylindrical beam. Sinceits diameter reaches 5C earth radii, while
the orbital velocity of the earth's motion is about 20 km/sec , it follows that about
L-5 hours would be required to pass thrcugh the beam. During this period the hori-
zontal component would reach a minimum, which corresponds to a maximum value of the
.current.

After passing through the beam, the ring current around the earth would be

7,‘maintained, but would gradually decline owing to the scattering of the charged part-

_icles. In this way, qualitatively the Chapman theory would appear almost campletely

:jjto explain one of the components of the magnetic variations, the aperiodic disturbeci

B3 :

5:1 variation, as well as the 27-day cycle of these disturbances, since after a completd

irotation of the sun, its surface, which radiates these beams, would again turn

towards the earth and would again send out these beams to it.

The quantitative calculations made by Chapman and Femro,r however,”axv-evc;n—”
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fined to the ideal schemes which give an order of magnitude corresponding to aét'lizfzg

ity.

i
1
1
i

The aurora and Sp disturbances are explained according to this theory by the
D

Fig.116. Formation of Posi-
tive and Negative Charged

Particles on the Sur'face of
the Hollow Space Around the

Barth.

i
possibility of detachment of electrons from the sur—;
face of the cavity, and, under proper conditions, of%
their motion along the lines of force from in the ’
magnetic fields in the Arctic regions. From this
point of view the electron beams must come not from
the sun but from the surface of the cavity, as a re—
sult of which they are not able to become scattered
during the short time interval, and the St¥rmers
theory might therefore maintain its solidity.

The irregular processes, i.e. the rapid varia-
tion of the magnetic field during the magnetic storm
may be explained by the varying density of charged
particles along the beam as well as by the different
velocities of these charged particles.

The principal fault of the Chapman-Ferraro theo-
ry is the fact that it is nct thoroughly worked out
with respect to the aurora and its relation through
the magnetic disturbances. While it gives an expla-

nation of the sudden onset of a magnetic storm and

the subsequent march of the aperiodic variations, it has not been able to explain

54 -

56

;:aither the local magnetic disturbances or the diurnal march of the magnetic varia-

A second fault of the theory is that it fails to give a quantitative relation

e
~—!between the magnetic field and the parameters of the neutral beam: its velocity,

I
1

o

he density of the charges, the width of the beam, as well ;swti;- relation of these

e

(I

i
1

roved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0




Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150004-0

‘beams with the aurora, and with other vhenomena. For this r=ason it may be regaf&_e_c;
! i

A‘{as the first step in the construction in the theory of the magnetic disturbances and

| !

H
i
i
1
1

‘aurcra, which is not contradicted by the basic observed facts &nd the fundamental

_'laws of physics. i

!
i

" Section 6. Alfven's Theory.

The basic shortcomings of the Chapman-Ferraro theory, the difficulty of explains-
ing the aurora and the local magnetic disturbances, as well as the diurnal march of :
magnetic disturbance, caused the search for somewhat different models of the motion
of charged particles and the sun to the earth than those used by Chapman. Such a

__model was that of Alfven (Bibl.59) who in 193G postulated that the magnetic field of:
the sun exerts a substantial influence on the motion of a neutral stream of parti-
cles, electrons and ions, while with Chapman and Ferraro, this motion takes place
) exclusively under the action of the initial impulse. This hypothesis allowed giving
a more varied picture of the motion of particles of the magnetic field of the earth
and the qualitative explanation of the origin of both their aurora and magnetic dis-
turbances. On considering the question of the extent to which the sun's magnetic
field influences the motion of the particles and how it affects their behavior near
the earth, Alfven resolved the motion of particle in the magnetic field of the sun

into the following four components:

1. Motion along a circle whose orbit is normal to the lines of the force of

*"the magnetic field.
; 2. Oscillations along the lines of magnetic force about the plane of the solar
_equator, owing to the variations in magnetic field strength. ;

These oscillations along the lines of force result as a necessary consequence, H
from the theory of StBrmer. Since no work is done when a charged particle moves in
a magnetic field, the change in kinetic energy on oscillatory motion takes place on |
aceouat—of-a chaage in the kinetic ensrgy of -the circular motion,-as a-presult of ——
“luhick tbe particla is unable to deviate far from the equilibriwm position, and thers
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ifore, according to Alfven, the oscillations are confined to the lower latitudes of

|
the sun. {
i

3. Deflection (in non-uniform drift “1) of elect ions towards the east aad of
,.positive jons towards the west, owing to the inhomogeneity of the magnetic field inA
Va radial direction.

Such a deflection results in the production of space charges at the edges of
the stream, negative on the eastern side and positive on the western, and, conse-
quently, the appearance of an electric field perpendicular to the magnetic field.

L. The "drift" ug of electrons in direction perpendicular to both and maugnet,:'u':1
fields, owing to the simultaneous action of both fields.

The causes of this drift have already been considered in Section 3 of this Chap—
ter. Owing to this drift, the particle moves in a radial direction from the sun to
the earth.

A1l these motions are the result of the interaction of a charged particle with
magnetic and electric fields and result from the general laws of elecirodynamics.
For this reason they represent nothing new, but their isolation from the general mo-
tion did allew the behavior of the electrons and ions near the earth to be followed
up more graphically.

As they approach the earth, the particles use part of their erergy, which orig-
inally, according the Alfven's hypothesis amounted to 108 ergs for electrons and
somewhat less for the ions. These losses are due to the fact that the non-uniform

- drift uy transfers the particles into regions with a high potential electrical ener-
gy , where the presence of space charges retards the motion of the particles, and
»‘ Y.Arbhey lose parts of their velocity.
: The drift vg is part of the flux into the earth's magnetic field, the radius of

50y
] pction of which, by hypothesis, is of the same order as the width of the flux. SincP

the motion of the flux now will take p]ace in an increasing magnetic fiald t 1

3 due to the inhomogemity of the magnetic field will become opposit.e to its

|
{

I N—

i
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earlier drift and the particles, owing to this, will be transported into a region

‘with a lower potential energy, and their magnetic energy will increase., The increasé
T

" ‘of kinetic energy will lead to an increase of the velocity perpendicular to the mag-!

!
I
1

netic field which evidently becomes the sam2 as the velocity parallel to the magnet-!

i

T e field, and the oscillations zlong the lines of force become small. As a result ;
:of this, the flux, seized by the carth's mignetic field begins to flatten out in its
_equatorial plane, and the non-uniform drift uy will tend to transport the positive .
ions around the earth in a westerly direction, and the electrons in an easterly di-
rection. The ratioc ul/uE is small outside the earth's magnetic field, but at a dis
tance of about 5 x 109 cm from it, uy; for the electrons is of the same order as ug,

" while for the ions uy remains small. For this reason the electrons will be unable
to pass into the "forbidden region" Q, established by St8rmer, and must travel a-—
round it on the eastern side. The positive particles, however, freely penetrate it
and form a space charge within it. As a result of electrostatic repulsion, the
charged particles will be scattered, and the ions may move along the lines of force
of the magnetic fields towards the magnetic poles. At the same time the electron
beam E, bending around the earth and appearing on its night side, forms a negative
space charge there which in turn will also be scattered and electrons are enabled to
move along the lines of force to the magnetic poles, but this time from the night
side. Fig.117 schematically shows the motion of ions and electrons in the beam near:
the earth.

Such is the mechanism of motion of charged particles from the sun to the earth

: . according to Alfven hypothesis. But: how are magnetic storms and the aurora ex-—

m‘plained according to this theory?

The aurora is the result of the penetrations of ions and electrons into the

JArctic region as a result of their repulsion from the boundary of the forbidden re-

gion, and the auroral zone represents the projection onto the upper layers of the
-\atmosphers of the lines of force emsrging from the boundary of the forbidden i‘;;ion.‘

119
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‘Since the equation of the lines of force of the dipole in polar coordinates has the |

form

o
i

r = R sin2?9,
where R is the value of the radius vector at @ = 0°, then, if we take for R the récﬁ+
:us of the boundary of the forbidden region, and forr and @ the solar coordinates of';

the auroral zone which are known to us, we may find the radius R. If we consider

r ~ 6500 km, and @ ~20°, we shall have R ~5 x 107 cm.

Fig.117. Scheme of Motion of the Positive Charged Particles (heavy dashed
lines) and Negative Charged Particles (fine dashed 1lines) According to

Alfven.

Boundary of St8rmert's forbidden region Q; A auroral zone.

At such a distance the stremgth of the magnetic field of the earth in the plane
{of its equator, H= 70Y. This value may correspond to that at which the electron
‘begins to.bend around the forbidden region Q.

o 38 € o

:.__..,Al.txan then. succeeded in explaining the various forms of the aurora including _

i
1
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the arcs which were not explained by the St8rmer theory.
The principal phase of the magnetic storm is explained by the motion of elec-
“trons inside the forbidden region, which motion is equivalent to a closed current,

__while the local disturbances are explained by the appearance of currents in the au- |

roral zone where, owing to the penetration of charged particles, an accumulation of

Epositivts charges takes place in the daylight part and of negative charges in the
night part and in this way a potential difference is created.

The quantitative results of this theory depends on two unknown parareters, the
energy and mumber of particles emitted by the sun. 3By a suitable selection of these.
quantities we may obtain a good agreement with the parameters known to us: the polar

" distance of the zone of the auroral zone, the energy of the electrons causing the
aurora, the time of transit of the ionized beams of the sun to the earth, the dura-
tion of the initial phase of the magnetic storm, and the value of the current neces-
sary to explain the storm.

However, in spite of the good agreement of certain observed pariameters with
their calculated values, the theory does not withstand serious criticism with respect
to the formation of a flattened stream in the plane of the equator, which would be

_ hardly possible. As a result of this, the formation of a narrow (linear) space
charge along the forbidden region likewise becomes hardly possible. However, the
fundamental factor of the Alfven theory is exactly the presence of such linear
charges along the boundary of the forbidden regions. For this reason we mist view
‘the Alfven theory as one of the successive steps in the development of the ideas of

_the StBrmer theory, and which, although it is not exsmpt from internal contradic-~

‘tions, still explains a wide circle of phenomena.
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